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Appendix A 

Assay Test Data on Advanced Test Reactor Beryllium 
Purchased from Kawecki Berylco Industries 

Appendix A contains copies of test reports on Kawecki beryllium found in archived records at the 
INEEL. 
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Appendix B 

Analytical Test Data from Argonne National Laboratory-West 
on the Advanced Test Reactor Beryllium Samples 

Appendix B contains reproduced reports from Argonne National Laboratory-West on their 
measurements of various constituents of samples taken from the beryllium reflector blocks currently in 
the Advanced Test Reactor canal. 

B-3 



ARGONNE NATIONAL LABORATORY-WEST 
P.O. Box 2528, Idaho Falls Idaho 83403-2528 

1 

Telephone: (208) 533-7318 

NT-AL-(JRK)-OI-090 
November 7.2001 

Randy Rice 
BBWLLLC, WGS 
Central Facilities Area 615 
MS 41 I O  
P.O.Box 1625 
Idaho Falls, Idaho 83415-41 10 

Reference: WGS-047-01 Sampling and Analysis Plan for the. Transuranic Content from the High Neutron Flux 
Region of ATR Beryl[ium Block SN-O1OR 

Dear Mt. Rice, 

Two beryllium samples described in the refcrenct: document have been analyzed for uranium, transuranic isotopes, 
fission product (3-137, activated co-60, and stable Hg isotopes. The results are given i n  Table I. Samples were 
assigned an Analytical Laboratory number. This number is shown in row I. The Information given in the second 
row is your sample identification information. The analytical number identifies the sample in our database. The 
Table 1 data provides a cross-reference between the INEEL identification number and our database. 

Analyses. The activity of these samples required the initial analytical work to be  performed remotely in a shielded 
facility where contamination is a concern. Any surface contamination was removed by etching with hydrofluoric 
acid. 2.3410 grams of beryllium were dissolved in a mixture of 2 M HF and 9M HCI. The dissolved samples were 
than treated with boric acid and EDTA to ensure complete dissolution and to prevent loss of actinides by 
precipitation as a fluoride. The standard and "blind" were dissolved using a procedure developed for all other 
beryllium samples previously analyzed. 

Inductively coupled plasma-mass spectroscopy (ICP-MS) and radiochemical measurements where made on both the 
original dissolver solutions and on separated fractions. Separations were required to remove activity, isobaric 
interference, and provide alpha energy discrimination. Separations were performed after aliquots of the original 
dissolver solutions were converted to the appropriate acid matrix. The prepared aliquots were loaded onto resin 
columns. The actinides were eluted selectively. Selectivity is accomplished by changing the rndarity and 
composition of the eluant. Am and Cm were first eluted using 10 M HCI. Pu was eluted with 10 M HCI/O. 1 M HI, 
and Np was eluted with 4M HCI. Uranium was eluted last with a 0.1 M HCI solution. 

The results reported for Pu-238 were calculated from radiochemical data. The resuits for the rest of the 
radionuclides reported in Table 1 were calculated trom 1CP-MS data. Results tor several radionuclides calculated 
from radiochemical data are ieported here for your informdtton (Pu-239/240 = 0.78 pg/g, Pu-242 = 0.27 pg/g. Am- 
241 = 0.07 ~ p / g ,  Am-243 = 0.32 p@g, and Cm-244//243 = 0.29 p&). Np 237 was not detected by either ICP-MS or 
c w  n ti ng 

Quality Assurance. NIST traceable standards were used where available. Other standards were prepared at ANL- 
W and standardized using standard radiochemical techniques. The standards using for this effort are listed below. 

Uranium 

Neptunium ANL-W Prepared standard 
Americium ANL-W Prepared Standard 
Curium 
Mercury 

High Purity Standards Catalog Number TCP-MS-KIT-A 
Plutonium CRM-126 

Isotopes Prtducr Laboratory Source Number 678- 14  
High Purity Standards Catalog Number ICP-MS-KIT-C 
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The ICP-MS was calibrated fur curium using Am-243. The ionization potentials for all of the measured actinides are 
within 1.3 8 and the calibration slopes were essentially identical. 

Control standards, calibrated detectors, and reviewed and approved procedures were used to ensure radiochemical 
quality control 

If you have any questions, please feel free to call me at 208-533-73 18. 

Sincerely, 

John Krsul 
Manager, Analytical Laboratory 

JRK:bb 

Att. 
Final Reports 

Pc: 
Steve Aumeier 
Charles D. Brooks. MS 7 LO6 
Michael L Carboneau, MS 3885 
Teresa Carlson 
Michael J. Connoily. MS 3710 
Jeff Giglio 
Donna F. Haney, MS 4 I 10 
Steve Johnson 
Carlan K. Mullen. MS 4142 
Marianne Noy 
Doug Porter 
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Table I. Results of Uranium, Transuranium. Fission Cesium-137, and CO-60 Measurements in Irradiated 
Bervlliurn. 

82553A 825538 
82589 82590 SN-OIOR SN-0 LOR Average Avenge 
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u-23s 

U-238 

Np-237 

Tot Pu 
Pu-238 

Pu-239 
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0.07 
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x.015 

0.215 
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52.2 

0.6 

24 I 

41 
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0.006 
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ICP-MS 

ICP-MS 

ICP-MS 

ICP-MS 

ICP-MS 

ICP-MS 

ICP-MS 

ICP-MS 

ICP-MS 

ICP-MS 

Hg, Max P& 0.252 0.272 0.262 
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ARGONNE NATIONAL LABORATORY-WEST 
P.O. Box 2528, Idaho Falls Idaho 83403-2528 Telephone: (208) 533-73 18 

NT-AL-(JRK)-O1-029 
April 9, 2001 

Charles D. Brooks 
BBWI 
MS 7106 
Idaho Falls, Idaho 83415-3860 

Dear Mr. Brooks, 

Reference: Modification No, 2 to Tnter-Contractor Purchase No. FOO-564335 Bechtel BWXT 
Idaho, LLC 

Eight beryllium samples and a standard have been analyzed for uranium. niobium and plutonium. The 
results of the analyses are given in Table I. 

Table I. Uranium, Niobium, and Plutonium results. 

ICP-MS ICP-MS U-235 ICP-MS Fluorimetry 
Analytical Sample Sample Wt. Nb-93 Uranium U-238 Pu-239 Uranium 
Number Sample ID Description (8) (wk) W g )  Ratio (ng/gl W g )  

79778 W0369905 INC SN-OIOR 0.1550 1 30 .0053 70 37 
79779 W03699WlNC SN-015R 1,1513 16 32 .0053 45 27 
79780 W03699071NC SN-016L NA NA NA NA NA NA 

79781 W03699081NC SN-016R 0.9662 23 24 .0053 51 31 
79782 W03699091NC SN-017L NA NA NA NA NA NA 
79783 W0369910INC SN-017R 0 0571 18 24 .00S6 ND NA 
79784 W036991 I INC SN-018R 0.3004 21 25 ,0056 59 28 
79785 W03699121NC SN-020L 0.1773 13 25 ,0054 52 32 
79786 W03699L31NC SN-021L 0.3522 I 1  27 ,0053 70 26 
79787 W03699141NC SN-022L NA NA NA NA NA NA 

79788 W03699151NC SN 11R NA NA NA NA NA NA 
79789 W03699161NC SN-15L 0.0432 7 41 ,0070 ND NA 

Standard S200F U (65  pdg) 0.3620 0.6 57 .0073 ND 55 

NA = Not Analyzed 
ND = Not Detected 

Uranium was measured using fluorimetry and ICP-MS. The results for each method are given in Table I 
for comparison purposes. Samples 79783 and 79789 were not analyzed for uranium using fluoresence 
because of the small mass available, 0.05 1 and 0.0432 grams, respectively. The amount of uranium 
available may have been too low for the sensitivity of this method. ICP-MS was used to collect 
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information to determine and calculate niobium and plutonium data. The estimated errors for these 
measurements are: uranium by ICP-MS = & 10% niobium for all analyses except #79778 & 79789 & 
lo%, niobium (79778 & 79789) = f 25% and plutonium = & 25%. A brief description of each method is 
given below for information purposes. 

Uranium analysis by fluorimetry involves the excitation of electrons in uranium to a higher energy state 
using ultraviolet radiation. After excitation, the electrons always return to their ground state energy. 
During this process, the excess energy IS released as photons (green light in the visible spectrum at a 
wavelength of 550 nm). The relaxation process by which this occurs IS called “fluorescence”. The 
spectral wavelengths of the fluorescent radiation are always longer than the wavelengths of the 
excitation source. 

The fluorimeter consists of a sample excitation source (UV source with peak radiation at 355 nm). Once 
the excited sample has released its excess energy, the energy passes through a filter system before 
arriving at the detector. The detector is a photomultiplier tube. This then converts the radiant energy into 
an electrical signal. The signal is displayed on a digital readout. Prior to any analysis, the fluorimeter 
must be calibrated with a standard af known uranium composition. The signal in the standard I S  relative 
to the quantity of uranium present. Blanks and spiked samples are run with each analysis. 

Uranium, plutonium and niobium were measured using ICP-MS. The technique of quadmpole- 
based ICP-MS employs radio frequency plasma generated in pure argon gas. Plasma 
temperatures are typically in the range of 5000 to 8000 degrees Celsius. The plasma is generated 
in a q u a m  tube or torch. The torch is designed to aspirate an aerosol of sample into the central 
region of the plasma, where the sample and solvent atoms and molecules are atomized and 
ionized to varying degrees, depending on the plasma temperature and the  ionization energy of 
the particular element. For example, most transition metal atoms are 85 to 99% ionized. The 
plasma is drawn into the mass spectrometer section through a water-cooled nicke1 cone with a 1 
mm sampling orifice, and on through a number of differentially pumped vacuum chambers. 
Differential pumping allows an atmospheric pressure sample introduction to a high-vacuum 
region through a series of turbopumped chambers connected by small (on the order of lmm) 
orifices; the pressure in each chamber lowers as you progress toward the high vacuum region 
where the mass analyzer resides. Electrically charged cylindrical “lenses” serve to first accelerate 
and then focus the ionized atom “beam” through these onfices and into the entrance of a 
quadrupole mass spectrometer. 

The quadrupole acts as a mass filter with a resolution of -1 atomic mass unit. This means, that 
while a quadrupole can separate Mg-24 from Mg-25, it cannot resolve (3-50 from Ti-50. When 
such same-mass, or isobaric interference occurs, correction schemes must be applied by using 
other isotopes of a particular elemental species to determine the contribution of that element to 
the overall signal at the given mass. The quadrupole allows only one mass at a time through to 
the detector, where the signal at that mass is determined in counts per second. This count rate is 
used along with the calibration curve to quantitate the m. Note that prior separation of two 
elements is not necessary when their isotopes are at different masses. 

The calibration of the ICP-MS is typically external, using 3 to 4 elemental standards of known 
concentration to generate a calibration curve. A non-interfering internal standard such as In-115 
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or Rh-103 is used to normalize the count rates in samples and standards to correct for possible 
instrumental response “drift” during an analytical run. ICP-MS is well known for its sensitivity 
for metals, which can range from ug/L to pg/L in solution; in addition, the calibration curves are 
usually linear over 5 to 7 orders of magnitude. 

Since quadrupole ICP-MS separates the ions according to mass for quantitation, niobium, at 
mass 93 (and a radioisotope Nb-94) does not need prior separation from tantalum, at masses 180 
and 181. This i s  one of the great advantages of atomic mass spectrometry. 

Samples of beryllium were dissolved in a mixture of HCL and HF. The resulting dissolver 
solution was brought ta a known volume. Aliquots of each dissolver solution where treated 
chemically and diluted for each instrumental method of analysis. 

All remaining solid beryllium samples have been consumed. A limited amount of dissolver 
solution (approximately 40 mls) of each sample listed above is available for additional work. 
These samples will be disposed in 30 days unless additional work is requested. 

If you have any questions, please feel free to call me at (208) 533-7318 or Jeff Berg at (208) 533- 
7276. 

Sincerely, 

John Krsul, Manager 
Analytical Laboratory 

Att. 
Final Reports 

pc: J .  Berg 
M. Carboneau MS 3885 
T. Carlson 
D. Crawford 
D. Cumrnings 
S .  Johnson 
C. Mullen MS 4142 
J .  Sterbentz MS 3885 
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ARGONNE NATIONAL LABORATORY-WEST 
P.Q. Box 2528, Idaho Falls ldaho 83403-25’28 Telephone: (208) 533-73 18 

July 10, zoo0 

Roger Piscitella 
BBWI 
P.O. Box 3860 
MS 4142 
ldaho Falls, Idaho 83415-3860 

Reference: WGS-036-99 Abbreviated Sampling and Analysis Plan for TRA ATR Beryllium Blocks 
Supports-Phase IA of the ATR Comprehensive Beryllium Disposition Plan. 

Dear Mr. Piscitella 

Twelve beryllium samples described in the reference document have been analyzed. The results are 
given Table I. Samples were assigned an Analytical Laboratory number. This number is shown in 
column 1, The information given in the second column is your sample identification information. The 
analytical number identifies the sample in our database. The Table provides a cross-reference between 
your identification number and our database. 

Table I. Samples Analysis Results. 
Anal y t ical Sample Density C-14 Co-60 Cs-187 Nitrogen Carbon Activity 
Number Sample ID Description (gkc) (pCi/g) (pCdg) (pCi/g) (ppm) (ppm) (mr/hr/g) 

79778 

7 97 79 

79780 

79781 

7 97 82 

79783 

79784 

7 97 85 

79786 

7 97 87 

79788 

79789 

W0369905 LNC 

W0369906 LNC 
W03699071NC 

W0369908 LNC 

W0369909 LNC 

W03699 I O  I NC 

W03699 11 LNC 

W0369912LNC 

W03699131NC 

W03699141NC 

W03699 15 INC 
W03699 161NC 

SN-O1OR 

SN-O15R 

SN-016L 

SN-016R 

SN-017L 

SN-0 17R 

SN-0 18R 

SN-020L 

SN-02 1 L 
SN-022L 

SN-IJR 
SN-15L 

1.851 

1.852 

1.862 

1.854 

1.853 

1.853 

1.854 

1.856 

1.853 

1.857 

1.861 

1.85’1 
~ 

0.61 

0.24 

0.58 

0.35 

0.18 

0.41 

0.36 

0.52 

0.51 
0.29 

0.33 

13.1 0.2 203 734 32 

25.4 0.1 17 8 63 7 49 

17.6 0.2 208 824 40 

52.5 0.1 181 804 41 

15.7 0.1 152 693 48 
74.1 0.1 224 68 1 85 

46.0 0.2 160 650 136 

47,4 0.2 25 3 1099 84 
46.4 0.3 287 678 98 

26.2 0.1 25 2 715 73 
2.41 0.1 186 665 5 

0.35 2.44 0.1 181 76 I 3 

Table I1 gives the results of the analysis of two standards and two unknowns 
submitted with the 12 samples. 
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Table 11. Results of the Analysis of Standards 
Nitrogen Nitrogen 

Sample ID Description No. IPPm) Sample ID Description No. @Em) 

W0349901 IN2 99-A-I63 I 357 W03699031N2 SZOOF 1 218 

2 359 2 214 

3 363 3 223 
Average 359 Average 218 

SD 3 SD +5 

(99-A- 162) 

W03699O2 1 N2 99-A- 156 1 200 W03699041N2 S65C 1 73 

2 198 2 85 

3 206 3 64 
Average 201 Average 74 

(99-A-157) 

SD 2 SD *lo 

W03699011N2 is a LECO steel pin standard (359+7 ppm). W03699021N2 is a beryllium metal 
nitrogen standard (202 k12 pprn nitrogen). W03699031N2 and W03699041N2 are beryllium chips. 
The nitrogen concentrations were not given in the reference document, but were later identified as 548 
pprn and 58 ppm, respectively. 

Sample Preparation. The samples, received with Chain-of-Custody, were packaged in 250-rnl 
polybottles filled with water. The samples were stored as received until analysis. Visual observations of 
the samples showed that some containers contained a single sample and others contained several pieces. 
The activity of each sample was estimated with a portable survey meter. The samples were prepared for 
analysis using the following procedure. Water was drained from each container to retrieve the samples. 
While the samples were still wet, a wet weight was obtained. The samples were dried, weighed and than 
weighed after a period of time to a constant weight. The dry weights and the wet weights were used to 
calculate the densities. Beryllium was sized for various analyses by  breaking the samples with a center 
punch, chisel, and a hammer. This step was performed using a stainless steel beaker fitted with a lid. 
The lid had a hole for access to the center punch or chisel. Using this technique, the irradiated ATR 
beryllium was easily sized providing material for carbon-14, nitrogen, and gamma analyses. 

Carbon-14 Analysis. Radioactive samples are routinely analyzed for total carbon using a remote 
furnace LECO HF-4001IR-412 carbon analyzer. The sample is placed in a ceramic crucible along with 
an accelerator to provide coupling for the induction furnace heating in an oxygen environment. Sample 
combustion releases all sample carbon in the form of CO and C02, which is quantitatively converted to 
COz by passage through a hot rare earth-copper oxide (350°C) reagent tube. Total carbon is measured 
by COZ IR absorption. The COZ is then trapped in a removable solid sorbent COZ trap. The trap is 
removed from the system and purged to remove all carbon dioxide, which is trapped by bubbling 
through an amine solution. The solution is mixed with a compatible liquid scintillation cocktail and 
counted for C-14 beta activity. 
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Table 111 gives the results for the repeated measurement of known C-14 activity deposited on stainless 
steel using this method. 

Table 111. Results of C-14 Standard Assay. 
Recovered 

Stiindard ID Dale C-14 Activity Acrivi ty % Recovery 

1 9i3i99 22644 23028 102 

2 9/8/99 22644 22374 98.8 

3 9/9/99 22644 21057 93.0 

4 9/13/99 2264.4 22341 98.7 

For the ATR beryllium, samples of beryllium were sectioned from the bulk material, weighed, and 
placed into polybottles. The samples were transferred into the Analytical Laboratory Hot Cells, and 
submitted to the analyzer to release and collect the carbon as COz. The separated radiocarbon was 
counted with a Packard Tri-Carb 2700 TR liquid scintillation analyzer. The error, 27.5% l-sigma, given 
for the carbon data is estimated from the repeated measurement of radiocarbon standards, percent 
recoveries, and overall process errors associated with hot cell operations. 

Nitrogen Analysis. The remote furnace LECO EF-4001TC-436 nitrogen/oxygen analyzer is used to 
determine total oxygen and nitrogen content and nitndehxide concentrations of irradiated reactor 
hardware and unirradiated and conditioned metallic spent fuel. The sample is placed in a graphite 
crucible in the furnace. Sample fusion releases oxygen and nitrogen in a helium atmosphere. Helium 
camer gas transfers the released nitrogen and oxygen through a thermal conductivity cell: and IR cell, 
respectively, to measure the amount of each gas released. A determination begins by placing an empty 
graphite crucible between the two electrodes in the furnace. The crucible IS sealed and purged of all 
atmospheric gases. High current is then passed through the crucible; high heat is generated which drives 
off gases trapped in the graphite (called outgassing). Next, a sample is dropped from the loading 
mechanism into the crucible. High current is again passed through the crucible driving off gases in the 
sample. To prevent further outgassing dunng analysis, a lower current is used during analysis to drive 
off sample gases. The oxygen released from the sample combines with the carbon from the crucible to 
form carbon monoxide. The sample gases pass through heated rare earth copper oxide which converts 
the carbon monoxide to carbon dioxide. The sample gases are then passed through the IR cell which 
detects the oxygen as carbon dioxide. After detection, carbon dioxide is removed with Lecosorb@ to 
prevent detection by the TC cell. Water is formed when the carbon dioxide is trapped and the water 
vapor, which would also be detected by the TC cell, IS  removed with AnhydroneTM. Gas flow passes 
through the thermal conductivity cell which detects nitrogen. 

Considerable development work was required to develop a technique to prepare samples of beryllium 
for nitrogen determination. For these analyses small pieces of beryllium and nickel flux were weighed 
and placed in a nickel capsule. The capsule was formed into a pellet using a press. Duplicates were 
prepared for each sample. Multiple samples were prepared for the standards and unknowns. The 
measuring of nitrogen in irradiated beryllium proved to be difficult, shown by the precision obtained for 
duplicate measurements. There are a number of variables that may effect the precision. These variable 
include the small sample size, pellet forming hfficulties, uncertainty resulting from the loading of the 
pellet into the analyzer, and the operation of the analyzer itself. The overall error for these 
measurements is estimated to be +21 ppm at 1- sigma. Samples 79781,79786 and 79789 are 
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exceptions, with an estimated error of 431 ppm. The precision is essentially the largest part of the 
uncertainty for these measurements. The analyzer was calibrated using LECO 501-645 Steel Pin NO 
Standard. The certified standard concentration is 265k 7ppm nitrogen, 

Gamma Analysis of Dissolved ATR Beryllium. Weighed samples of beryllium were dissolved in 
hydrofluoric acid, hydrochloric acid and hydrogen peroxide. The resulting dissolver solution was 
brought to volume with IX water. For gamma analysis of dissolved ATR beryllium, the dissolved 
sample was made up in a 50-ml vial for gamma spectrometry, typically containing 50 to 200 mg of the 
original beryllium. The resulting spectra were subsequently subjected to gamma-ray analysis. The 
gamrna-ray spectra were mostly composed of Co-60. Due to the predominance and high gamma-ray 
energy of (20-60, most other gamma-ray emitters were hidden in the Compton plateau of the spectrum. 
The only observed gamma-ray emitter, other than the CO-60, was (2-137. 

Density Measurement. Density measurements were made using a procedure based on Archimedes’ 
principle in determining sample volume. The estimated error for the density measurement is 0.005%. 

If you have any questions, please feel free to call me at (208) 533-73 18 or Jeff Berg at (208) 533-7276. 

Sincerely, 

John Krsul, Manager 
Analytical Laboratory 

Att. 
Final Reports 

pc : Jeff Berg 
Charlie Brooks 
Mike Carboneau 
Teresa Carlson 
Jacqueline Fonnesbeck 
Donna Hanney 
David Maddison 
Cal Morgan 
Carlan Mullen 
Doug Porter 
James Sommers 
James Stirbentz 
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ARGONNE NATIONAL LABORATORY-WEST 
P.O. Box 2528. Idaho Falls Idaho 83403-252s Telephone: (208) 533-7318 

NT-AL-(JRK)-01-012 
February 2,2001 

K. Jean Holdren 
BBWl 
P.O. Box 3860 
MS 3920 
Idaho Falls, Idaho 83415-3860 

Reference: WGS-036-99 Abbreviated Sampling and Analysis Plan for TRA ATR Beryllium Blocks Supports-Phase IA of the 
ATR Comprehensive Beryllium Disposition Plan. 

Dear Ms. Holdren, 

Two beryllium samples described in the reference document have been analyzed for niobium. The results are given Table I .  
Samples were assigned an Analytical Laboratory number. This number is shown in column I .  The information given in the 
second column is your sample identification information. The analytical number identifies the sample in our database. The 
Table provides a cross-reference berween your identification number and our database. 

Table I. Samples Analysis Results 

Analytical No. Sample ID Sample Description Sample Wt. Gram Nb-93 pg/g Nb-94 ~ @ g  
79785 W03699121NC SN-20 0.6851 11.5 e.03 
79788 W0369915 1NC SN-1 1R 0.4884 0.13 1.03 

Nb Analysis. The samples of beryllium were dissolved in 7 MHCUO.2M HF. Samples were prepared for ICP-MS analysis 
using Rh-103 as an internal standard to correct for drift. A 50 ppb calibration standard was used as r check standard. At the 
end of the run the check standard was measured to be 51.9 ppb. Calibration standards were prepared by dilution of a High 
Purity Nb 10 uglml standard (expiration date May 2001). Natural zirconium and molybdenum impurities found in the  
beryllium samples were used to correct mass 94 interferes for niobium 94 Minimum limits of detection are reported for Nb- 
94. The total estimated error, 4% is calculated from limits of quantification and drift values. 

If you have any questions, please feel free to call me at 208-533-7318. 

Sincerely, 

John Krsul 
Manager, Anal yrical Laboratory 

Att.: Final Reports 

pc: Bruce Becker MS 3920 
Charlie Brooks MS 7106 
Mike Carboneru MS 3885 
Teresa Carlson 
Doug Crawford 
Dan Curnmings 
Steve Johnson 
John Logan MS 3885 
Carlan Mullen MS 4142 
Doug Porter ANL-W 
Rocky Warren 
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Appendix C 

Oak Ridge Isotope GENeration and Depletion Code Version 2 
Input Model for the Advanced Test Reactor 

Beryllium Blocks from Core 1 

Appendix C is a listing of the input file used with the Oak Ridge Isotope GENeration and 
Depletion Code Version 2 to model activation and transmutation in the beryllium reflector blocks from 
Core 1 of the Advanced Test Reactor. 

-1 
-1 
-1 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
BAS 
LIP 
L PU 

LPU 

LIB 
PHO 
RDA 
RDA 
RDA 
RDA 
RDA 
RDA 
RDA 
OPTL 
OPTA 
OPTF 
CUT 

*ATR - Beryllium Block Calculation for Jean Holdren 
*INPUT: Corel.inp ACTIVATION ANALYSIS FOR BLOCKS IN CORE 1 
*OUTPUT: COREl.out 
One of the two blocks in NW lobe 
One of two blocks in NE lobe 
One of two blocks in SW lobe 
One of the two blocks in SE lobe 
Input deck was created on 2/04/2002 
*COMPONENT: Core 1 (one block per lobe with each lobe modeled) 
*IRRADIATION: CORE 1 
*IRRADIATION: 2/1/1968 to 9/9/72 = 1,682 days or 4.60517 years 

2/1/1968 = Start Time 24,869 D = YR 1968.089066 
9/9/1972 = SCRAM 26,551 D = YR 1972.694229 

Disposal Date 12/1/1976 = 28,095 Days = YR 1976.921561 
Decay date 9/15/2001 = 37,149 Days = YR 2001.710591 
*MATERIAL: Beryllium metal is considered but no non-Be hardware 
*MATERIAL Initial metal mass is 81,420 grams per block 
*Four Single ATR Beryllium Block Calculations for Core 1 
0 0 0  

Dates : 1/1/1900 = Reference date = YR 1900.0 

30060 40090 60120 60130 70140 
80170 270590 270600 270601 280580 

280590 280600 280610 280620 280630 
280640 290630 300660 410930 410940 
420940 420980 420990 430990 -1 
902320 902330 912330 922330 922340 
922350 922360 922370 922380 922390 
922400 932350 932360 932370 932380 
942370 942380 942390 942400 942410 
942420 942430 952410 952420 952430 
962420 962430 962440 962450 962460 
962470 962480 972490 982490 982500 
982510 982520 -1 
0 1 2 3 -204 -908 909 9 50 0 4 0 
101 102 103 10 

* Single Beryllium Block in each of 4 lobes in Core 1 
* Start of Irradiation = Feb 1, 1968 = Day 24,869 = 1968.089066 YR 
* SCRAM = Sept 9, 1972 = Day 26,551 = 1972.694229 YR 
* Est. Disposal Date = Dec 1, 1976 = Day 28,095 = 1976.921561 YR 
* Common Decay Date = Sept 15, 2001= Day 37,149 = 2001.710591 YR 
* - - -__-___- -________- - - - - - - - - -_ - - - - - - - - - - - -_  
8 8 8 8 2  8 2 8 8 8  8 8 8 8 8  8 8 8 8 8  8 8 8 8  
8 8 8 8 2  8 2 8 8 8  8 8 8 8 8  8 8 8 8 8  8 8 8 8  
8 8 8 8 2  8 2 8 8 8  8 8 8 8 8  8 8 8 8 8  8 8 8 8  

* - -__________- -_____- - - - - - - - - - - -_ - - - - - - - - - - -  

7 1.OE-06 28 1.OE-75 -1 
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INP 
MOV 
DEC 
MOV 
ADD 
BUP 
RDA 
I RF 
I RF 
IRF 
I RF 
I RF 
IRF 
IRF 
IRF 
IRF 
BUP 
DEC 
DEC 
MOV 
MOV 
MOV 
DEC 
MOV 
ADD 
BUP 
RDA 
IRF 
IRF 
IRF 
IRF 
IRF 
IRF 
IRF 
IRF 
IRF 
BUP 
DEC 
DEC 
MOV 
MOV 
MOV 
DEC 
MOV 
ADD 
BUP 
RDA 
IRF 
IRF 
IRF 
IRF 
IRF 
IRF 
IRF 
IRF 
IRF 
BUP 
DEC 
DEC 
MOV 
MOV 
MOV 
DEC 

-1 1 -1 -1 1 1 
-1 1 0 0.0 Zero inventory for dummy decay 
1 9 6 8 . 0 8 9 0 6 6  1 2 5 2 Dummy decay to set clock to Feb 1, 1 9 6 8  
-1 1 0 1 . 0  Reset Vector 1 with the initial inventory 

2 1 0 1 . 0  Change time to 1 9 6 8 . 0 8 9 0 6 6  YR for Vector 1 

* * * * * * Calculation for Blocks NWL and NWR in Core 1 
1 9 6 8 . 5 0  1 . 5 1 1 4 3 + 1 4  1 2 5 0 Do not reset clock 
1 9 6 9 . 0 0  1 . 5 1 1 4 3 + 1 4  2 3 5 0 Time=Jan 1, 1 9 6 9  
1 9 6 9 . 5 0  1 . 5 1 1 4 3 + 1 4  3 4 5 0  
1 9 7 0 . 0 0  1 . 5 1 1 4 3 + 1 4  4 5 5 0 Time=Jan 1, 1 9 7 0  
1 9 7 0 . 5 0  1 . 5 1 1 4 3 + 1 4  5 6 5 0  
1 9 7 1 . 0 0  1 . 5 1 1 4 3 + 1 4  6 7 5 0 Time=Jan 1 ,  1 9 7 1  
1 9 7 1 . 5 0  1 .5114E+14 7 8 5 0  
1 9 7 2 . 0 0  1 . 5 1 1 4 3 + 1 4  8 9 5 0 Time=Jan 1, 1 9 7 2  
1 9 7 2 . 6 9 4 2 2 9  1 . 5 1 1 4 3 + 1 4  9 1 0  5 0 SCRAM on 9 / 9 / 1 9 7 2  

1 9 7 6 . 9 2 1 5 6 1  1 0  
2 0 0 1 . 7 1 0 5 9 1  11 
11 -2 0 1 . 0  
1 2  -3 0 1 . 0  
-1 1 0 0 . 0  
1 9 6 8 . 0 8 9 0 6 6  1 
-1 1 0 1.0 

2 1 0 1.0 

11 5 0 Disposal date of 1 2 / 1 / 1 9 7 6  
1 2  5 0 Decay date of 9 / 1 5 / 2 0 0 1  

Vector 11 results for Blocks NWL and NWR in -2 
Vector 1 2  saved in -3 
Zero inventory for dummy decay 

Reset Vector 1 with the initial inventory 
Change time to 1 9 6 8 . 0 8 9 0 6  YR for Vector 1 

2 5 2 Dummy decay to set clock to Feb 1 ,  1 9 6 8  

* * * * * * Calculation for 
1 9 6 8 . 5 0  1 . 4 6 2 9 3 + 1 4  
1 9 6 9 . 0 0  1 . 4 6 2 9 3 + 1 4  
1 9 6 9 . 5 0  1 . 4 6 2 9 3 + 1 4  
1 9 7 0  . O O  1 . 4 6 2 9 3 + 1 4  
1 9 7 0 . 5 0  1 . 4 6 2 9 3 + 1 4  
1 9 7 1 . 0 0  1 . 4 6 2 9 3 + 1 4  
1 9 7 1 . 5 0  1 . 4 6 2 9 3 + 1 4  
1 9 7 2 . 0 0  1 . 4 6 2 9 3 + 1 4  
1 9 7 2 . 6 9 4 2 2 9  1 . 4 6 2 9 3 + 1 4  

Blocks NEL and NER in Core 1 
1 2 5 0 Do not reset clock 
2 3 5 0 Time=Jan 1 ,  1 9 6 9  
3 4 5 0  
4 5 5 0 Time=Jan 1 ,  1 9 7 0  
5 6 5 0  
6 7 5 0 Time=Jan 1, 1 9 7 1  
7 8 5 0  
8 9 5 0 Time=Jan 1 ,  1 9 7 2  
9 1 0  5 0 SCRAM on 9 / 9 / 1 9 7 2  

1 9 7 6 . 9 2 1 5 6 1  1 0  11 5 0 
2 0 0 1 . 7 1 0 5 9 1  11 1 2  5 0 
11 -4 0 1 . 0  
1 2  -5 0 1 . 0  
-1 1 0 0.0 
1 9 6 8 . 0 8 9 0 6 6  1 2 5 2 
-1 1 0 1 . 0  

2 1 0 1 . 0  

Disposal date of 1 2 / 1 / 1 9 7 6  
Decay date of 9 / 1 5 / 2 0 0 1  
Vector 11 results for Blocks NER and NEL in -4  
Vector 1 2  saved in -5  
Zero inventory for dummy decay 
Dummy decay to set clock to Feb 1 ,  1 9 6 8  
Reset Vector 1 with the initial inventory 
Change time to 1 9 6 8 . 0 8 9 0 6  YR for Vector 1 

* * * * * * Calculation for Blocks SWL and SWR in Core 1 
1 9 6 8 . 5 0  1 . 4 6 3 5 3 + 1 4  1 2 5 0 Do not reset clock 
1 9 6 9 . 0 0  1 . 4 6 3 5 3 + 1 4  2 3 5 0 Time=Jan 1, 1 9 6 9  
1 9 6 9 . 5 0  1 . 4 6 3 5 3 + 1 4  3 4 5 0  
1 9 7 0 . 0 0  1 . 4 6 3 5 3 + 1 4  4 5 5 0 Time=Jan 1 ,  1 9 7 0  
1 9 7 0 . 5 0  1 . 4 6 3 5 3 + 1 4  5 6 5 0  
1 9 7 1 . 0 0  1 .4635E+14 6 7 5 0 Time=Jan 1, 1 9 7 1  
1 9 7 1 . 5 0  1 . 4 6 3 5 3 + 1 4  7 8 5 0  
1 9 7 2 . 0 0  1 . 4 6 3 5 E + 1 4  8 9 5 0 Time=Jan 1, 1 9 7 2  
1 9 7 2 . 6 9 4 2 2 9  1 . 4 6 3 5 3 + 1 4  9 1 0  5 0 SCRAM on 9 / 9 / 1 9 7 2  

1 9 7 6 . 9 2 1 5 6 1  1 0  11 5 0 Disposal date of 1 2 / 1 / 1 9 7 6  
2 0 0 1 . 7 1 0 5 9 1  11 1 2  5 0 Decay date of 9 / 1 5 / 2 0 0 1  
11 -6 0 1.0 Vector 11 results for Blocks SWL and SWR in -6 
1 2  -7 0 1 . 0  Vector 1 2  saved in -7 
-1 1 0 0.0 Zero inventory for dummy decay 
1 9 6 8 . 0 8 9 0 6 6  1 2 5 2 Dummy decay to set clock to Feb 1, 1 9 6 8  
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MOV 
ADD 
BUP 
RDA 
I RF 
IRF 
IRF 
IRF 
IRF 
IRF 
I RF 
IRF 
IRF 
BUP 
DEC 
DEC 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
RDA 
RDA 
RDA 
RDA 
RDA 
RDA 
HED 
OUT 
STP 
204 
204 
204 
204 
2 04 
2 04 
2 04 
2 04 
204 
204 
204 
204 
2 04 
2 04 
204 
204 
204 
204 
204 
204 
204 
204 
2 04 
204 
908 
908 

-1 1 0 1.0 Reset Vector 1 with the initial inventory 
2 1 0 1.0 Change time to 1968.08906 YR for Vector 1 

* * * * * * Calculation for Blocks SEL and SER in Core 1 
1968.50 1.46553+14 1 2 5 0 Do not reset clock 
1969.00 1.46553+14 2 3 5 0 Time=Jan 1, 1969 
1969.50 1.46553+14 3 4 5 0  
1970.00 1.46553+14 4 5 5 0 Time=Jan 1, 1970 
1970.50 1.46553+14 5 6 5 0  
1971.00 1.46553+14 6 7 5 0 Time=Jan 1, 1971 
1971.50 1.46553+14 7 8 5 0  
1972.00 1.46553+14 8 9 5 0 Time=Jan 1, 1972 
1972.694229 1.46553+14 9 10 5 0 SCRAM on 9/9/1972 

1976.921561 10 11 5 0 Disposal date of 12/1/1976 
2001.710591 11 12 5 0 Decay date of 9/15/2001 
11 -8 0 1.0 Vector 11 results for Blocks SEL and SER in -8 
12 -9 0 1.0 Vector 12 saved in -9 
-1 1 0 1.0 Move initial inventory into Vector 1 
-2 2 0 1.0 Nw block for 12/1/1976 
-3 3 0 1.0 NW block for 9/15/2001 
-4 4 0 1.0 NE block for 12/1/1976 
-5 5 0 1.0 NE block for 9/15/2001 
-6 6 0 1.0 SW block for 12/1/1976 
-7 7 0 1.0 SW block for 9/15/2001 
-8 8 0 1.0 SE block for 12/1/1976 
-9 9 0 1.0 SE block for 9/15/2001 

* Start of Irradiation = Feb 1, 1968 = 1968.089066 YR 
* Scram date = Sept 9, 1972 = 1972.694229 YR 
* Est. Disposal Date = Dec 1, 1976 = 1976.921561 YR 
* Common Decay Date = Sept 15, 2001 = 2001.710591 YR 

1 INIT 
9 1 0 0  
4 Modified Cross-Section Data Pollaws 
30060 1.2613-02 0.0003+00 3.0653+02 4.4353-04 O.OOOE+OO O.OOOE+OO -1.0 
40090 2.8603-03 1.2273-02 4.5573-03 3.3543-09 0.0003+00 O.OOOE+OO -1.0 
60120 1.4643-03 0.0003+00 5.6513-05 0.00OE+00 0.0003+00 0.0003+00 -1.0 
60130 2.9923-04 2.6673-05 7.9693-04 0.0003+00 0.0003+00 O.OOOE+OO -1.0 
70140 2.4663-02 0.0003+00 1.0313-02 6.1563-01 0.0003+00 0.0003+00 -1.0 
80170 0.0003+00 0.0003+00 9.4563-02 O.OOOE+OO O.OOOE+OO O.OOOE+OO -1.0 
270590 8.0303+00 0,00OE+00 1.6913-05 1.5853-04 2.6223+00 0.0003+00 -1.0 
270600 7.6073-01 0.0003+00 6.8053-06 2.7123-05 0.0003+00 0.0003+00 -1.0 
270601 2.3603+01 0.0003+00 1.2573-05 1.9363-04 0.0003+00 0.0003+00 -1.0 
280580 1.5093+00 2.4913-06 1.8743-03 5.8333-03 0.0003+00 O.OOOE+OO -1.0 
280590 3.2663+01 O,OOOE+00 5.8683+00 1.4573-02 0.0003+00 0.0003+00 -1.0 
280600 9.2373-01 6.1023-06 4.1533-04 3.0913-04 0.0003+00 0.0003+00 -1.0 
280610 8.3773-01 0.0003+00 7.6043-04 2.855E-04 0.0003+00 0.0003+00 -1.0 
280620 4.6483+00 0.0003+00 1.2403-05 3.0653-05 0.0003+00 0.0003+00 -1.0 
280630 7.5323+00 0.0003+00 1.46333-05 3.1143-06 0.0003+00 0.000E+00 -1.0 
280640 4.9623-01 4.9423-05 6.8683-07 2.7793-07 0.0003+00 0.0003+00 -1.0 
290630 1.5993+00 O.OOOE+OO 2.4313-05 2.6703-03 0.0003+00 0.000E+00 -1.0 
300660 3.0463-01 O.OOOE+OO 1.8483-06 5.1863-05 0.0003+00 0.0003+00 -1.0 
410930 6.2473-01 O.OOOE+OO 6.4853-06 3.9393-05 1.0123-01 0.0003+00 -1.0 
410940 7.9173+00 0.000E+00 0.0003+00 6.0253-05 0.0003+00 0.0003+00 -1.0 
420940 3.3283-01 0.0003+00 2.0233-04 5.2563-05 0.0003+00 0.0003+00 -1.0 
420980 2.3663-01 0.0003+00 2.0233-05 2.4503-06 0.0003+00 O.OOOE+OO -1.0 
420990 9.4143-01 1.2093-03 0.0003+00 O.OOOE+OO 0.0003+00 0.0003+00 -1.0 
430990 1.4243+01 O.OOOE+OO 0.000E+00 1.5963-04 0.0003+00 0.0003+00 -1.0 
902320 4.6493+00 1.6383-03 1.3753-05 9.8133-03 0.0003+00 0.0003+00 -1.0 
902330 4.4643+02 8.0363-03 3.6583-05 6.9933+00 0.000E+00 0.0003+00 -1.0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

908 912330 3.5053+01 4.7033-04 5.3123-06 6.2603-02 1.2343+01 0.0003+00 -1.0 
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908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 

922330 1.8633+01 5.8593-04 2.7553-07 1.8633+02 0.0003+00 0.0003+00 -1.0 
922340 4.9073+01 1.6363-04 1.9283-06 3.7593-01 0.0003+00 0.0003+00 -1.0 
922350 3.4123+01 8.3693-04 6.0973-07 1.8533+02 0.0003+00 0.0003+00 -1.0 
922360 1.0753+01 8.5573-04 9.4633-06 2.1713-01 0.0003+00 0.0003+00 -1.0 
922370 1.5533+02 2.5053-03 1.9353-05 9.2963-01 0.0003+00 0.0003+00 -1.0 
922380 8.2563+00 1.6233-03 8.2893-06 4.0843-02 0.0003+00 O.OOOE+OO -1.0 
922390 1.1093+01 7.0983-03 5.1873-05 1.1493+01 O.OOOE+OO O.OOOE+OO - 1 . 0  
922400 5.7133+00 3.5863-03 5.3573-05 3.0553-02 0.0003+00 0.0003+00 -1.0 
932350 5.6793+02 4.4143-04 5.4173-06 2.6733-01 1.4723+02 0.0003+00 -1.0 
932360 3.3433+01 1.3323-03 2.9033-06 8.5153+02 0.0003+00 0.0003+00 -1.0 
932370 8.0353+01 1.5093-04 1.2353-06 2.4023-01 0.0003+00 2.2483-04 -1.0 
932380 3.3433+01 1.5783-03 5.8683-06 7.0443+02 0.0003+00 0.0003+00 -1.0 
942370 1.6773+02 5.3443-04 1.0823-06 9.1973+02 0.0003+00 0.0003+00 -1.0 
942380 1.6743+02 4.6693-04 7.4843-06 5.9513+00 0.0003+00 0.0003+00 -1.0 
942390 1.3313+02 3.4933-04 4.6973-07 2.9673+02 0.0003+00 0.0003+00 -1.0 
942400 3.0633+02 1.5403-04 1.2333-06 3.1853-01 0.0003+00 0.0003+00 -1.0 
942410 1.3373+02 2.2973-03 2.7793-06 3.7383+02 0.0003+00 0.0003+00 -1.0 
942420 3.8993+01 6.7233-04 4.5023-06 1.969E-01 0.0003+00 0.0003+00 -1.0 
942430 9.2103+01 5.7163-03 3.2273-05 7.0503+01 O.OOOE+OO O.OOOE+OO -1.0 
952410 2.5893+02 1.2643-04 1.2393-06 1.6123+00 1.0843+01 0.0003+00 -1.0 
952420 4.9663+02 1.2663-03 5.2983-06 2.4453+03 0.0003+00 0.0003+00 -1.0 
952430 7.2063+01 8.2493-05 6.9523-07 1.882E-01 5.4163+01 0.000E+00 -1.0 
962420 9.5913+00 1.9173-05 3.2453-08 1.095E+00 0.0003+00 0.0003+00 -1.0 
962430 1.2113+02 2.1423-03 6.0583-06 2.3803+02 0.0003+00 0.000E+00 -1.0 
962440 1.9053+01 3.9823-04 6.1103-06 7.5123-01 0.000E+00 0.0003+00 -1.0 
962450 1.2113+02 2.2383-03 7.1803-06 6.0933+02 0.0003+00 0.0003+00 -1.0 
962460 4.0873+00 1.7683-03 1.5913-05 3.2033-01 0.0003+00 0.0003+00 -1.0 
962470 3.8093+01 3.4533-03 1.4763-05 5.0823+01 0.0003+00 0.0003+00 -1.0 
962480 8.5453+00 1.9453-03 3.0903-05 5.9133-01 0.0003+00 0.0003+00 -1.0 
972490 6.1333+02 2.2063-03 2.3083-05 4.6803-01 0.0003+00 0.0003+00 -1.0 
982490 1.5773+02 2.3493-03 1.5353-05 5.6623+02 0.000E+00 0.000E+00 -1.0 
982500 9.0433+02 1.1473-03 1.0663-05 5.3513-01 0.0003+00 0.0003+00 -1.0 
982520 7.9303+00 9.2293-04 9.4403-06 1.3843+01 0.0003+00 0.0003+00 -1.0 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Chemical composition of the ATR beryllium metal 
10010 0.0000E+OO 0 0.0 
10020 0.0000E+OO 0 0.0 
20030 0.0000E+OO 0 0.0 
20040 O.OOOOE+OO 0 0.0 
30060 9.63313-08 0 0.0 
30070 8.14203-02 0 0.0 
40090 7.98463+04 0 0.0 
40100 0.0000E+OO 0 0.0 
50100 2.87623-02 0 0.0 
50110 1.27293-01 0 0.0 
60120 5.9936E+01 0 0.0 
60130 7.22363-01 0 0.0 
70140 1.66573+01 0 0.0 
70150 6.62803-02 0 0.0 
80160 1.02473+03 0 0.0 
80170 4.36533-01 0 0.0 
80180 2.31103+00 0 0.0 
90190 5.63163+00 0 0.0 
100200 1.0400E+02 0 0.0 
100210 3.25873-01 0 0.0 
100220 1.16963+01 0 0 . 0  
110230 7.11883-02 0 0.0 
120240 2.85603+00 0 0.0 
120250 3.76633-01 0 0.0 
120260 4.3 12 63-01 0 0.0 
130270 2.89723+01 0 0 . 0  
140280 2.31563+01 0 0 . 0  
140290 3.03623+00 0 0.0 

follows : 
H1 
H2 
He3 
He4 
Li6 
Li7 
Be9 = balance 
Bel 0 
B10 
B11 
C12 C=745ppm 
C13 
N14 N=205ppm 
N15 
016 
017 
018 
F19 
Ne2 0 
Ne2 1 
Ne2 2 
Na2 3 
Mg24 
Mg2 5 
Mg2 6 
A127 
Si28 
Si29 
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1 140300 
1 150310 
1 160320 
1 160330 
1 160340 
1 160350 
1 160360 
1 170350 
1 170360 
1 170370 
1 180360 
1 180370 
1 180380 
1 180390 
1 180400 
1 190390 
1 190400 
1 190410 
1 200400 
1 200410 
1 200420 
1 200430 
1 200440 
1 200450 
1 200460 
1 200470 
1 200480 
1 210450 
1 220460 
1 220470 
1 220480 
1 220490 
1 220500 
1 230500 
1 230510 
1 240500 
1 240510 
1 240520 
1 240530 
1 240540 
1 250550 
1 260540 
1 260550 
1 260560 
1 260570 
1 260580 
1 270590 
1 280580 
1 280590 
1 280600 
1 280610 
1 280620 
1 280630 
1 280640 
1 290630 
1 290640 
1 290650 
1 300640 
1 300650 
1 300660 
1 300670 
1 300680 
1 300690 

3.45813+00 
4.07103+00 
5.78573-01 
4.70943-03 
2.72363-02 
0.0000E+OO 

3.04253+00 
O.OOOOE+OO 
1.02853+00 

O.OOOOE+OO 

1.37003-04 

1.57363-03 

3.10523-04 
0.0000E+00 
5.16763-01 
9.89003-01 
1.27263-04 
7.50343-02 
1.57403+01 
0.0000E+00 
1.10313-01 
2.35643-02 
3.72583-01 
O.OOOOE+OO 

O.OOOOE+OO 
7.46903-04 

3.64363-02 
1.87273-01 
3.85503-01 
3.59413-01 
3.71083+00 
2.82313-01 
2.82843-01 
6.83193-04 
2.78043-01 
3.14323-01 
0.0000E+00 
6.30383+00 
7.28463-01 
1.84773-01 
4.61383+00 
6.95583+00 
O.OOOOE+OO 
1.12143+02 
2.61333+00 
3.54563-01 
9.77043-01 
1.23923+01 

4.90093+00 
0.0000E+00 

2.15723-01 
6.96573-01 
O.OOOOE+OO 

4.88013+00 
0.0000E+OO 
2.24423+00 
5.02873-01 
0.0000E+OO 

1.82263-01 

2.97713-01 
4.44123-02 
2.06683-01 
0.0000E+00 

0 0.0 
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0 . 0  
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0 . 0  
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 

Si30 
P3 1 
532 
533 
534 
53 5 
53 6 
C135 
C136 
C137 
Ar3 6 
Ar3 7 
Ar3 8 
Ar3 9 
Ar40 
K39 
K4 0 
K4 1 
Ca40 
Ca4 1 
Ca42 
Ca43 
Ca44 
Ca45 
Ca46 
Ca47 
Ca48 
sc4 5 
t146 
t147 
t148 
t149 
t150 
V5 0 
V5 1 
Cr50 
Cr51 
Cr52 
Cr53 
Cr54 
Mn55 
Fe54 
Fe5 5 
Fe5 6 
Fe57 
Fe58 
Co59 = 12ppm 
n158 
n159 
n160 
n161 
n162 
n163 
n164 
Cu63 
Cu64 
Cu65 
Zn64 
Zn65 
Zn66 
Zn67 
Zn68 
Zn69 

c-7 



1 300700 
1 310690 
1 310700 
1 310710 
1 320700 
1 3 2 0 7 1 0  
1 320720 
1 320730 
1 320740 
1 320750 
1 320760 
1 330750 
1 340740 
1 340750 
1 340760 
1 340770 
1 340780 
1 340790 
1 340800 
1 340810 
1 340820 
1 350790 
1 350800 
1 350810 
1 360780 
1 360790 
1 360800 
1 360810 
1 360820 
1 360830 
1 360840 
1 360850 
1 360860 
1 370850 
1 370860 
1 370870 
1 380840 
1 380850 
1 380860 
1 380870 
1 380880 
1 390890 
1 400900 
1 400910 
1 400920 
1 400930 
1 400940 
1 400950 
1 400960 
1 410930 
1 420920 
1 420930 
1 420940 
1 420950 
1 420960 
1 420970 
1 420980 
1 420990 
1 421000 
1 430990 
1 440960 
1 440970 
1 440980 

6 . 7 9 0 3 3 - 0 3  
4 . 1 5 7 6 3 - 0 2  
0.0000E+OO 
2 . 8 3 9 1 3 - 0 2  
8 . 0 3 4 5 3 - 0 2  
0.0000E+00 
1 . 1 0 4 6 3 - 0 1  
3 .18803-02  
1 . 5 1 2 3 3 - 0 1  
0.00003+00 
3 . 3 1 9 1 3 - 0 2  
1 . 4 5 0 9 3 - 0 1  
1 . 6 3 4 7 3 - 0 3  
0 . 0 0 0 0 3 + 0 0  
1 . 6 9 7 5 3 - 0 2  
1 . 4 3 6 4 3 - 0 2  
4 . 5 1 8 2 3 - 0 2  
0 . 0 0 0 0 3 + 0 0  

0.0000E+OO 
9.79833-02  

1 . 7 9 1 3 3 - 0 2  
2 . 1 1 9 7 3 + 0 0  

2 . 1 1 4 2 3 + 0 0  
0.00003+00 

2.25663-02  
0.0000E+00 

0.00003+00 
1 . 4 8 7 9 3 - 0 1  

7 . 8 6 2 7 3 - 0 1  
7 . 8 9 0 0 3 - 0 1  
3 . 9 5 7 8 3 + 0 0  

1 . 2 2 9 8 3 + 0 0  
0.00003+00 

4 . 5 3 3 4 3 - 0 1  
0.0000E+OO 
1 . 7 9 0 2 3 - 0 1  
2 . 6 2 0 0 3 - 0 3  
O.OOOOE+OO 
4 . 7 2 2 9 3 - 0 2  
3 . 3 9 1 9 3 - 0 2  
4 . 0 4 7 5 3 - 0 1  
8 .14203-02  
1 . 5 7 7 7 3 + 0 0  
3 . 4 7 8 8 3 - 0 1  
5 . 3 7 5 9 3 - 0 1  
O.OOOOE+OO 

O.OOOOE+OO 
5 . 5 6 6 4 3 - 0 1  

9 .15863-02  
9 . 5 2 6 1 3 - 0 1  
1 . 1 5 7 6 3 - 0 1  
0.0000E+OO 
7 . 3 7 2 5 3 - 0 2  
1 . 2 8 2 4 3 - 0 1  
1 . 3 5 7 7 3 - 0 1  
7 . 8 5 4 5 3 - 0 2  
2 . 0 0 5 1 3 - 0 1  
0.0000E+OO 

0.00003+00 

0 . 0 0 0 0 E + 0 0  

8 . 1 6 5 3 3 - 0 2  

2 . 1 4 0 3 3 - 0 2  

7 . 3 3 5 4 3 - 0 3  

0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 ' 

0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 

Zn70 
Ga69 
Ga70 
Ga7 1 
Ge7 0 
Ge7 1 
Ge72 
Ge7 3 
Ge7 4 
Ge7 5 
Ge7 6 
As7 5 
S e 7  4 
S e 7  5 
5e76 
5e77 
5e78 
5e79 
5e80 
5e81 
5e82 
Br7  9 
B r 8 0  
B r 8 1  
Kr7 8 
Kr7 9 
Kr80  
K r 8 1  
Kr82 
Kr83 
Kr84 
Kr85 
Kr86 
R b 8  5 
Rb86 
Rb8 7 
5r84 
5r85 
5r86 
5r87 
5r88 
Y89 
Z r 9 0  
Z r 9 1  
Zr92  
Z r 9 3  
Z r 9 4  
Z r 9 5  
Z r 9 6  
m 9  3 
m092 
m093 
m094 
m095 
Mo9 6 
m097 
m098 
m099 
m0100 
Tc99 
Rug6 
Ru97 
Ru9 8 

C-8 



1 440990 
1 441000 
1 441010 
1 441020 
1 441030 
1 441040 
1 451030 
1 461020 
1 461030 
1 461040 
1 461050 
1 461060 
1 461070 
1 461080 
1 461090 
1 461100 
1 471070 
1 471080 
1 471090 
1 481060 
1 481070 
1 481080 
1 481090 
1 481100 
1 481110 
1 481120 
1 481130 
1 481140 
1 481150 
1 481160 
1 491130 
1 491140 
1 491150 
1 501120 
1 501130 
1 501140 
1 501150 
1 501160 
1 501170 
1 501180 
1 501190 
1 501200 
1 501210 
1 501220 
1 501230 
1 501240 
1 511210 
1 511220 
1 511230 
1 521200 
1 521210 
1 521220 
1 521230 
1 521240 
1 521250 
1 521260 
1 521270 
1 521280 
1 521290 
1 521300 
1 531270 
1 541240 
1 541250 

5.05973-02 
5.07063-02 
6.95033-02 
1.29713-01 
0.00003+00 
7.78453-02 
8.09043-02 
3.97663-03 
O.OOOOE+OO 
4.42823-02 
8.96163-02 
1.10733-01 
0.00003+00 

0.00003+00 
1.09223-01 

4.92753-02 
9.06333-02 
O.OOOOE+OO 
8.57773-02 
9.58883-04 
O.OOOOE+OO 

O.OOOOE+OO 
6.9560E-04 

9.94273-03 
1.02823-02 
1.95583-02 
9.99303-03 
2.37023-02 
0.0000E+OO 
6.28763-03 
2.35943-04 
0.00003+00 
5.34403-03 
2.23363-03 
0.00003+00 
1.52343-03 
8.51153-04 
3.46523-02 
1.84743-02 
5.87583-02 
2.09913-02 
8.04033-02 
O.OOOOE+OO 
1.16133-02 
0.00003+00 
1.47613-02 
1.11693-02 
0.0000E+OO 
8.42613-03 
3.45053-03 
0.00003+00 
9.56403-02 
3.36923-02 
1.79783-01 
2.69383-01 
7.21943-01 
0.0000E+OO 
1.2281E+00 
0.0000E+OO 
1.3327E+00 
8.14203-01 
4.1290E-02 
0.00003+00 

0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 

Ru9 9 
RulOO 
RulO 1 
Ru102 
Ru103 
Ru104 
Rh103 
Pd102 
Pd103 
Pd104 
Pd105 
PdlO 6 
PdlO 7 
Pd108 
PdlO 9 
pd110 
Ag107 
Ag108 
Ag109 
Cd106 
Cd107 
Cd108 
Cd109 
CdllO 
Cdlll 
Cd112 
cd113 
Cd114 
Cd115 
Cd116 
1n113 
1n114 
1n115 
5n112 
5n113 
5n114 
5n115 
5n116 
5n117 
5n118 
5n119 
5n120 
5n121 
5n122 
5n123 
5n124 
Sb12 1 
5b122 
5b123 
Te12 0 
Te121 
Te122 
Te123 
Te124 
Te125 
Te126 
Te127 
Te128 
Te129 
Te130 
1127 
Xe124 
Xe125 

c-9 



1 541260 
1 541270 
1 541280 
1 541290 
1 541300 
1 541310 
1 541320 
1 541330 
1 541340 
1 541350 
1 541360 
1 551330 
1 561300 
1 561310 
1 561320 
1 561330 
1 561340 
1 561350 
1 561360 
1 561370 
1 561380 
1 571380 
1 571390 
1 581360 
1 581370 
1 581380 
1 581390 
1 581400 
1 581410 
1 581420 
1 591410 
1 601420 
1 601430 
1 601440 
1 601450 
1 601460 
1 601470 
1 601480 
1 601490 
1 601500 
1 611450 
1 621440 
1 621450 
1 621460 
1 621470 
1 621480 
1 621490 
1 621500 
1 621510 
1 621520 
1 621530 
1 621540 
1 631510 
1 631520 
1 631530 
1 641520 
1 641530 
1 641540 
1 641550 
1 641560 
1 641570 
1 641580 
1 641590 

3.77603-02 
0.0000E+OO 

1.13403+01 
1.77483+00 
9.24753+00 
1.18233+01 
0.0000E+OO 
4.64043+00 
0.0000E+OO 
4.03043+00 

8.14073-01 

1.63933-02 
4.89873-04 
0.0000E+OO 

O.OOOOE+OO 
4.73943-04 

1.15283-02 
3.16413-02 
3.79523-02 
5.46923-02 
3.51743-01 
7.27513-05 
8.13473-02 
1.50053-04 
0.0000E+OO 
2.00343-04 
O.OOOOE+OO 

O.OOOOE+OO 
9.17803-03 
8.14203-02 
1.08663-01 
4.91273-02 
9.66673-02 
3.39463-02 
7.07903-02 

7.18923-02 

0.0000E+OO 

0.0000E+OO 

O.OOOOE+OO 

O.OOOOE+OO 

2.40453-02 

2.38623-02 

1.20803-03 

O.OOOOE+OO 
5.96683-03 
4.52563-03 
5.56413-03 
3.00373-03 
0.0000E+OO 

0.0000E+OO 
9.45973-03 
0.0 
O.OOOOE+OO 
0.0 
3.14653-05 
O.OOOOE+OO 

1.09823-02 

3.47483-04 
2.37443-03 
3.30523-03 
2.54313-03 
4.06223-03 
O.OOOOE+OO 

0 0 . 0  
0 0.0 
0 0 . 0  
0 0 . 0  
0 0.0 
0 0 . 0  
0 0.0 
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0.0 
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0.0 
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0 . 0  
0 0.0 
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0.0 
0 0.0 
0 0 . 0  

Xe126 
Xe127 
Xe128 
Xe129 
Xe130 
Xe131 
Xe132 
Xe133 
Xe134 
Xe135 
Xe136 
Cs133 = 0.20ppm 
Ba130 
Ba13 1 
Ba132 
Ba133 
Ba134 
Ba135 
Ba136 
Ba137 
Ba138 
1a138 
1a139 
Ce136 
Ce137 
Ce138 
Ce139 
Ce140 
Ce141 
Ce142 
Pr141 
Nd142 
Nd143 
Nd144 
Nd145 
Nd146 
Nd147 
Nd148 
Nd149 
Ndl5 0 
Pm145 
Sml4 4 
5m145 
5m146 
5m147 
Sml4 8 
5m149 
Sml5 0 
Sml5 1 
5m152 
5m153 
5m154 
Eu15 1 =O 
Eul52 =O 
Eu153=0 
Gd152 
Gd153 
Gd154 
Gd155 
Gd156 
Gd157 
Gd158 
Gd159 

c-10 



1 641600 
1 651590 
1 661560 
1 661570 
1 661580 
1 661590 
1 661600 
1 661610 
1 661620 
1 661630 
1 661640 
1 671650 
1 681620 
1 681630 
1 681640 
1 681650 
1 681660 
1 681670 
1 681680 
1 681690 
1 681700 
1 691690 
1 701680 
1 701690 
1 701700 
1 701710 
1 701720 
1 701730 
1 701740 
1 701750 
1 701760 
1 711750 
1 711760 
1 721740 
1 721750 
1 721760 
1 721770 
1 721780 
1 721790 
1 721800 
1 731801 
1 731810 
1 741800 
1 741810 
1 741820 
1 741830 
1 741840 
1 741850 
1 741860 
1 751850 
1 751860 
1 751870 
1 761840 
1 761850 
1 761860 
1 761870 
1 761880 
1 761890 
1 761900 
1 761910 
1 761920 
1 771910 
1 771920 

3.62013-03 
8.14203-02 
9.37563-06 
O.OOOOE+OO 

O.OOOOE+OO 
1.58263-05 

3.75023-04 
3.04803-03 
4.13793-03 
4.06553-03 
4.63253-03 
8.14203-02 
5.51813-05 
O.OOOOE+OO 

0.0000E+OO 
6.42413-04 

1.35703-02 
9.32493-03 
1.09543-02 
O.OOOOE+OO 
6.16283-03 
4.07103-02 
2.05463-05 
O.OOOOE+OO 
4.87783-04 
2.30043-03 
3.54363-03 
2.62353-03 
5.20543-03 
0.0000E+OO 
2.1028E-03 
5.28663-02 
1.41373-03 
5.44173-05 
0.00003+00 
1.76883-03 
6.35773-03 
9.38013-03 
4.7097E-03 
1.21973-02 
4.20723-06 
3.52513-02 
7.28863-03 
O.OOOOE+OO 
1.61523+00 

1.90613+00 
O.OOOOE+OO 
1.79503+00 

8.81793-01 

1.94793-02 
0.0000E+OO 
3.29563-02 
1.0031E-05 
0.0000E+OO 
8.01023-04 
8.15533-04 
6.81533-03 
8.29403-03 
1.36723-02 
0.00003+00 
2.14573-02 
1.50863-04 
O.OOOOE+OO 

0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0.0 
0 0 . 0  
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 

Gdl6 0 
Tbl5 9 
Dy156 
Dy157 
Dy158 
Dy159 
Dy160 
Dy161 
Dy162 
Dy163 
Dy164 
h0165 
Er162 
Er163 
Er164 
Er165 
Er166 
Er167 
Er168 
Er169 
Er170 
T~nl69 
Yb168 
Ybl6 9 
Yb170 
Yb17 1 
Yb172 
Yb173 
Yb174 
Yb175 
Yb176 
1u175 
1u176 
Hf174 
Hf175 
Hf176 
Hf177 
Hf178 
Hf179 
Hf180 
Tal80M 
ta181 
W180 
W181 
W182 
W183 
W184 
W185 
W186 
Re185 
Re186 
Re187 
05184 
05185 
05186 
05187 
05188 
05189 
05190 
05191 
05192 
1r191 
1r192 

c-11 



1 771930 
1 781900 
1 781910 
1 781920 
1 781930 
1 781940 
1 781950 
1 781960 
1 781970 
1 781980 
1 791970 
1 801960 
1 801970 
1 801980 
1 801990 
1 802000 
1 802010 
1 802020 
1 802030 
1 802040 
1 812030 
1 812040 
1 812050 
1 822040 
1 822050 
1 822060 
1 822070 
1 822080 
1 832090 
2 902320 
2 922340 
2 922350 
2 922360 
2 922370 
2 922380 
0 

2.56243-04 
8.07653-04 
0.0000E+00 

O.OOOOE+OO 
6.44763-02 

2.71313+00 
2.80173+00 
2.10793+00 
0.0000E+00 
6.06003-01 
2.01923+00 
4.85963-04 
0.0000E+00 
3.27283-02 
5.55903-02 
7.63663-02 
4.38563-02 
9.95003-02 
0.0000E+00 
2.30983-02 
5.96743-01 
O.OOOOE+OO 
1.43883+00 
1.12213-03 
0.0000E+00 
1.95053-02 
1.79733-02 
4.28203-02 
O.OOOOE+OO 
3.56623-02 
1.32103-04 
1.73673-02 
O.OOOOE+OO 

2.42513+00 
0.0000E+00 

0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 

Ir193 
Pt190 
Pt191 
Pt192 
Pt193 
Pt194 
Pt195 
Pt196 
Pt197 
Pt198 
Au197 
Hg196 
Hg197 
Hg198 
Hg199 
Hg200 
Hg2 0 1 
Hg202 
Hg203 
Hg204 
T1203 
T1204 
T1205 
Pb2 04 
Pb205 
Pb206 
Pb2 07 
Pb208 
b1209 
Th2 3 2 
U234 
U235 
U236 
U237 
U238 U=30ppm 

c-12 



Appendix D 

Oak Ridge Isotope GENeration and Depletion Code Version 2 
Input Model for the Advanced Test Reactor 

Outer Shim Control Cylinders from Cores 1 and 2 

D- 1 





Appendix D 

Oak Ridge Isotope GENeration and Depletion Code Version 2 
Input Model for the Advanced Test Reactor 

Outer Shim Control Cylinders from Cores 1 and 2 

Appendix D is a listing of the input file used with the Oak Ridge Isotope GENeration and 
Depletion Code Version 2 to model activation and transmutation in the outer shim control cylinders from 
Cores 1 and 2 of the Advanced Test Reactor. 

-1 
-1 
-1 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
BAS 
LIP 
L PU 

LPU 

LIB 
PHO 
RDA 
RDA 
RDA 
RDA 
RDA 
RDA 
RDA 
RDA 
RDA 
OPTL 

*ATR - Beryllium OSCC Calculation for Jean Holdren 
*INPUT: 0SCC.INP ACTIVATION ANALYSIS FOR 16 OSCCs IN CORE 1+2 
*OUTPUT: 0SCC.OUT 
Input deck was created on 2/06/2002 
*COMPONENT: 16 OSCCs in Cores 1+2 
*IRRADIATION: 2/01/1968 to 4/11/1986 = 3,208 days or 8.783213 years 
Dates : 1/01/1900 = Reference date = YR 1900.0 

2/01/1968 = Start 1 = YR 1968.089066 
9/09/1972 = SCRAM 1 = YR 1972.694229 
2/05/1973 = Start 2 = YR 1973.102177 
4/11/1977 = SCRAM 2 = YR 1977.280227 
9/01/1987 = Disposal date = YR 1987.670593 
9/15/2001 = Decay date = YR 2001.710591 

* Beryllium metal is considered but no non-Be hardware 
* Initial metal mass is 120 lb per OSCC 
* Total OSCC mass in one lobe is 480 lb = 217,724 g 
* The mass of one block is 179.5 lb = 81,420 g 
* To scale the block input mass to a 4 OSCCs we need to 
* multiply the block input by 2.6741. See below 
* Calculation for 4 OSSCs for each lobe for Cores 1 plus 2 
0 0 0  
30060 40090 60120 60130 70140 
80170 270590 270600 270601 280580 

280590 280600 280610 280620 280630 
280640 290630 300660 410930 410940 
420940 420980 420990 430990 -1 
902320 902330 912330 922330 922340 
922350 922360 922370 922380 922390 
922400 932350 932360 932370 932380 
942370 942380 942390 942400 942410 
942420 942430 952410 952420 952430 
962420 962430 962440 962450 962460 
962470 962480 972490 982490 982500 
982510 982520 -1 
0 1 2 3 -204 -908 909 9 50 0 4 0 
101 102 103 10 
* ~ ~ ~ - - - - ~ ~ ~ ~ - - ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
* 
* 
* 
* 
* 

1/01/1900 = Reference date = YR 1900.0 
2/01/1968 = Start 1 = YR 1968.089066 
9/09/1972 = SCRAM 1 = YR 1972.694229 
2/05/1973 = Start 2 = YR 1973.102177 
4/11/1977 = SCRAM 2 = YR 1977.280227 

9/15/2001 = Decay date = YR 2001.710591 
* 9/01/1987 = Disposal date = YR 1987.670593 
* 
* ~ ~ ~ ~ - ~ ~ ~ ~ ~ _ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
8 8 8 8 2  8 2 8 8 8  8 8 8 8 8  8 8 8 8 8  8 8 8 8  

D-3 



OPTA 
OPTF 
CUT 
INP 
MOV 
RDA 
MOV 
RDA 
RDA 
RDA 
MOV 
DEC 
MOV 
ADD 
BUP 
IRF 
IRF 
IRF 
IRF 
I RF 
IRF 
I RF 
IRF 
IRF 
DEC 
IRF 
MOV 
IRF 
IRF 
IRF 
IRF 
IRF 
IRF 
IRF 
IRF 
BUP 
DEC 
DEC 
MOV 
MOV 
RDA 
RDA 
RDA 
RDA 
MOV 
DEC 
MOV 
ADD 
BUP 
IRF 
IRF 
IRF 
IRF 
I RF 
IRF 
IRF 
IRF 
IRF 
DEC 
IRF 
MOV 
IRF 
I RF 

8 8 8 8 2  8 2 8 8 8  8 8 8 8 8  8 8 8 8 8  8 8 8 8  
8 8 8 8 2  8 2 8 8 8  8 8 8 8 8  8 8 8 8 8  8 8 8 8  
7 1.OE-06 28 1.OE-75 -1 
-1 1 -1 -1 1 1 
-1 1 0 2.6741 Change the input block mass into 4 OSCCs 

Note: 4*1201b/179.51b = 2.6741 
1 -1 0 1.0 Save the new mass in Vector -1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* Calculation for 4 OSCCs in NW Lobe for Cores 1+2 

-1 1 0 0.0 Zero inventory for dummy decay 
1968.089066 1 2 5 2 Dummy decay to set clock to Feb 1, 1968 
-1 1 0 1.0 Reset Vector 1 with the initial inventory 
2 1 0 1.0 Change time to 1968.089066 YR for Vector 1 

1968.50 1.51143+14 
1969 .OO 1.51143+14 
1969.50 1.5114E+14 
1970.00 1.51143+14 
1970.50 1.51143+14 
1971.00 1.51143+14 
1971.50 1.51143+14 
1972.00 1.51143+14 
1972.694229 1.51143+14 
1973.102177 
1973.50 2.1084E+14 
12 1 0 1.0 
1974.00 2.10843+14 
1974.50 2.10843+14 
1975.00 2.10843+14 
1975.50 2.10843+14 
1976.00 2.10843+14 
1976.50 2.10843+14 
1977.00 2.10843+14 
1977.280227 2.1084E+14 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

1 
2 
3 
4 
5 
6 
7 
8 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

2 
3 
4 
5 
6 
7 
8 
9 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
5 
5 
5 
5 
5 
5 
5 

1987.670593 9 10 5 0 Disposal date of 

0 Do not reset clock 
0 Jan 1, 1969 
0 
0 Jan 1, 1970 
0 
0 Jan 1, 1971 
0 
0 Jan 1, 1972 
0 SCRAM 1 End of Core 1 
0 Feb 5, 1973 Start 2 
0 

0 Jan 1, 1974 
0 
0 Jan 1, 1975 
0 
0 Jan 1, 1976 
0 
0 Jan 1, 1977 
0 SCRAM 2 End of Core 2 

Move Vector 12 into 1 

3/1/1987 
2001.710591 10 11 5 0 Common decay date of 9/15/2001 
10 -2 0 1.0 Vector 10 saved in -2 
11 -3 0 1.0 Vector 11 saved in -3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* Calculation for 4 OSCCs in NE Lobe for Cores 1+2 

-1 1 0 0.0 Zero inventory for dummy decay 
1968.089066 1 2 5 2 Dummy decay to set clock to Feb 1, 1968 
-1 1 0 1.0 Reset Vector 1 with the initial inventory 
2 1 0 1.0 Change time to 1968.089066 YR for Vector 1 

1968.50 1.46293+14 
1969.00 1.4629E+14 
1969.50 1.46293+14 
1970.00 1.46293+14 
1970.50 1.46293+14 
1971.00 1.46293+14 
1971.50 1.46293+14 
1972.00 1.46293+14 
1972.694229 1.4629E+14 
1973.102177 
1973.50 1.36213+14 
12 1 0 1.0 
1974.00 1.36213+14 
1974.50 1.36213+14 

1 2 5 0 Do not reset clock 
2 3 5 0 Jan 1, 1969 
3 4 5 0  
4 5 5 0 Jan 1, 1970 
5 6 5 0  
6 7 5 0 Jan 1, 1971 
7 8 5 0  
8 9 5 0 Jan 1, 1972 
9 10 5 0 SCRAM 1 End of Core 1 
10 11 5 0 Feb 5, 1973 Start 2 
11 12 5 0 

Move Vector 12 into 1 
1 2 5 0 Jan 1, 1974 
2 3 5 0  
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IRF 
IRF 
IRF 
IRF 
IRF 
IRF 
BUP 
DEC 
DEC 
MOV 
MOV 
RDA 
RDA 
RDA 
RDA 
MOV 
DEC 
MOV 
ADD 
BUP 
IRF 
IRF 
IRF 
IRF 
IRF 
IRF 
IRF 
IRF 
IRF 
DEC 
IRF 
MOV 
IRF 
IRF 
IRF 
IRF 
IRF 
IRF 
IRF 
IRF 
BUP 
DEC 
DEC 
MOV 
MOV 
RDA 
RDA 
RDA 
RDA 
MOV 
DEC 
MOV 
ADD 
BUP 
IRF 
IRF 
IRF 
I RF 
IRF 
IRF 
IRF 
I RF 
IRF 

1 9 7 5 . 0 0  1 . 3 6 2 1 3 + 1 4  3 4 5 0 Jan 1, 1 9 7 5  
1 9 7 5 . 5 0  1 . 3 6 2 1 3 + 1 4  4 5 5 0  
1 9 7 6 . 0 0  1 . 3 6 2 1 3 + 1 4  5 6 5 0 Jan 1, 1 9 7 6  
1 9 7 6 . 5 0  1 .3621E+14 6 7 5 0  
1 9 7 7 . 0 0  1 . 3 6 2 1 3 + 1 4  7 8 5 0 Jan 1 ,  1 9 7 7  
1 9 7 7 . 2 8 0 2 2 7  1 . 3 6 2 1 3 + 1 4  8 9 5 0 SCRAM 2 End of Core 2 

1 9 8 7 . 6 1 0 5 9 3  9 1 0  5 0 Disposal date of 9 / 1 / 1 9 8 7  
2 0 0 1 . 7 1 0 5 9 1  1 0  11 5 0 Common decay date of 9 / 1 5 / 2 0 0 1  
1 0  -4 0 1 . 0  Vector 1 0  saved in -4 
11 -5 0 1 . 0  Vector 11 saved in -5  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* Calculation for 4 OSCCs in S W  Lobe for Cores 1 + 2  

-1 1 0 0.0 Zero inventory for dummy decay 
1 9 6 8 . 0 8 9 0 6 6  1 2 5 2 Dummy decay to set clock to Feb 1 ,  1 9 6 8  
-1 1 0 1 . 0  Reset Vector 1 with the initial inventory 

2 1 0 1 . 0  Change time to 1 9 6 8 . 0 8 9 0 6 6  YR for Vector 1 

1 9 6 8 . 5 0  1 . 4 6 3 5 3 + 1 4  
1 9 6 9 . 0 0  1 . 4 6 3 5 3 + 1 4  
1 9 6 9 . 5 0  1 . 4 6 3 5 3 + 1 4  
1 9 7 0 . 0 0  1 . 4 6 3 5 3 + 1 4  
1 9 7 0 . 5 0  1 . 4 6 3 5 3 + 1 4  
1 9 7 1 . 0 0  1 . 4 6 3 5 3 + 1 4  
1 9 7 1 . 5 0  1 . 4 6 3 5 3 + 1 4  
1 9 7 2 . 0 0  1 . 4 6 3 5 3 + 1 4  
1 9 7 2 . 6 9 4 2 2 9  1 . 4 6 3 5 3 + 1 4  
1 9 7 3 . 1 0 2 1 7 7  
1 9 7 3 . 5 0  2 . 0 9 2 0 3 + 1 4  
1 2  1 0 1 . 0  
1 9 7 4 . 0 0  2 . 0 9 2 0 3 + 1 4  
1 9 7 4 . 5 0  2 . 0 9 2 0 3 + 1 4  
1 9 7 5 . 0 0  2 . 0 9 2 0 3 + 1 4  
1 9 7 5 . 5 0  2 . 0 9 2 0 3 + 1 4  
1 9 7 6 . 0 0  2 . 0 9 2 0 3 + 1 4  
1 9 7 6 . 5 0  2 . 0 9 2 0 3 + 1 4  
1 9 7 7 . 0 0  2 . 0 9 2 0 3 + 1 4  
1 9 7 7 . 2 8 0 2 2 7  2 . 0 9 2 0 3 + 1 4  

1 2 5 0 Do not reset clock 
2 3 5 0 Jan 1, 1 9 6 9  
3 4 5 0  
4 5 5 0 Jan 1, 1 9 7 0  
5 6 5 0  
6 7 5 0 Jan 1 ,  1 9 7 1  
7 8 5 0  
8 9 5 0 Jan 1 ,  1 9 7 2  
9 1 0  5 0 SCRAM 1 End of Core 1 

1 0  11 5 0 Feb 5 ,  1 9 7 3  Start 2 
11 1 2  5 0 

Move Vector 12 into 1 
1 2 5 0 Jan 1, 1 9 7 4  
2 3 5 0  
3 4 5 0 Jan 1, 1 9 7 5  
4 5 5 0  
5 6 5 0 Jan 1, 1 9 7 6  
6 7 5 0  
7 8 5 0 Jan 1, 1 9 7 7  
8 9 5 0 SCRAM 2 End of Core 2 

1 9 8 7 . 6 7 0 5 9 3  9 1 0  5 0 Disposal date of 9 / 1 / 1 9 8 7  
2 0 0 1 . 7 1 0 5 9 1  1 0  11 5 0 Common decay date of 9 / 1 5 / 2 0 0 1  
1 0  -6 0 1 . 0  Vector 1 0  saved in -6 
11 -7 0 1 . 0  Vector 11 saved in -7 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* Calculation for 4 OSCCs in SE Lobe for Cores 1+2 

-1 1 0 0 . 0  Zero inventory for dummy decay 
1 9 6 8 . 0 8 9 0 6 6  1 2 5 2 Dummy decay to set clock to Feb 1, 1 9 6 8  
-1 1 0 1 . 0  Reset Vector 1 with the initial inventory 

2 1 0 1 . 0  Change time to 1 9 6 8 . 0 8 9 0 6 6  YR for Vector 1 

1 9 6 8 . 5 0  1 . 4 6 5 5 E + 1 4  
1 9 6 9 . 0 0  1 . 4 6 5 5 3 + 1 4  
1 9 6 9 . 5 0  1 . 4 6 5 5 3 + 1 4  
1 9 7 0 . 0 0  1 . 4 6 5 5 3 + 1 4  
1 9 7 0 . 5 0  1 . 4 6 5 5 3 + 1 4  
1 9 7 1 . 0 0  1 . 4 6 5 5 3 + 1 4  
1 9 7 1 . 5 0  1 . 4 6 5 5 3 + 1 4  
1 9 7 2 . 0 0  1 . 4 6 5 5 3 + 1 4  
1 9 7 2 . 6 9 4 2 2 9  1 . 4 6 5 5 3 + 1 4  

1 2 5 0 Do not reset clock 
2 3 5 0 Jan 1 ,  1 9 6 9  
3 4 5 0  
4 5 5 0 Jan 1 ,  1 9 7 0  
5 6 5 0  
6 7 5 0 Jan 1, 1 9 7 1  
7 8 5 0  
8 9 5 0 Jan 1 ,  1 9 7 2  
9 1 0  5 0 SCRAM 1 End of Core 1 
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DEC 
IRF 
MOV 
IRF 
IRF 
IRF 
IRF 
IRF 
I RF 
IRF 
IRF 
BUP 
DEC 
DEC 
MOV 
MOV 
RDA 
RDA 
MOV 
DEC 
MOV 
ADD 
RDA 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
RDA 
OUT 
STP 
204 
204 
204 
204 
204 
204 
204 
204 
204 
204 
2 04 
2 04 
204 
204 
204 
204 
2 04 
204 
204 
204 
204 
204 
204 
2 04 
908 
908 
908 
908 

1973.102177 
1973.50 1.40433+14 
12 1 0 1.0 
1974.00 1.40433+14 
1974.50 1.40433+14 
1975.00 1.40433+14 
1975.50 1.40433+14 
1976.00 1.40433+14 
1976.50 1.40433+14 
1977.00 1.40433+14 
1977.280227 1.40433+14 

10 11 5 0 Feb 5, 1973 Start 2 
11 12 5 0 

Move Vector 12 into 1 
1 2 5 0 Jan 1, 1974 
2 3 5 0  
3 4 5 0 Jan 1, 1975 
4 5 5 0  
5 6 5 0 Jan 1, 1976 
6 7 5 0  
7 8 5 0 Jan 1, 1977 
8 9 5 0 SCRAM 2 End of Core 2 

1987.670593 9 10 5 0 Disposal date of 9/1/1987 
2001.710591 10 11 5 0 Common decay date of 9/15/2001 
10 -8 0 1.0 Vector 10 saved in -8 
11 -9 0 1.0 Vector 11 saved in -9 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
-1 1 0 0.0 Zero inventory for dummy decay 
1968.089066 1 2 5 2 Dummy decay to set clock to Feb 1, 1968 
-1 1 0 1.0 Reset Vector 1 with the initial inventory 
2 1 0 1.0 Change time to 1968.089066 YR for Vector 1 

-2 2 0 1.0 
-3 3 0 1.0 
-4 4 0 1.0 
-5 5 0 1.0 
-6 6 0 1.0 
-7 7 0 1.0 
-8 8 0 1.0 
-9 9 0 1.0 

NW block for 9/1/1987 
NW block for 9/15/2001 
NE block for 9/1/1987 
NE block for 9/15/2001 
SW block for 9/1/1987 
SW block for 9/15/2001 
SE block for 9/1/1987 
SE block for 9/15/2001 

9 1 0 0  
4 
30060 1.6833-02 0.0003+00 4.0933+02 2.4363-04 0.0003+00 0.0003+00 
40090 3.7953-03 6.5053-03 2.4783-03 1.3243-09 0.0003+00 0.0003+00 
60120 1.7963-03 0.000E+00 3.3003-05 0.0003+00 O.OOOE+OO 0.0003+00 
60130 3.9523-04 1.5473-05 7.969E-04 0.0003+00 0.0003+00 0.000E+00 
70140 3.2923-02 0.0003+00 5.6253-03 8.1723-01 0.0003+00 0.0003+00 
80170 0.0003+00 0.0003+00 1.1363-01 0.0003+00 0.0003+00 0.0003+00 

270590 1.033E+01 0.0003+00 9.8313-06 8.7843-05 2.6223+00 0.000E+00 
270600 9.6783-01 0.000E+OO 3.8723-06 1.5043-05 0.0003+00 0.0003+00 
270601 2.9603+01 0.0003+00 7.1213-06 1.0663-04 O.OOOE+OO 0.0003+00 
280580 2.0133+00 2.4913-06 1.0153-03 3.1663-03 0.0003+00 0.0003+00 
280590 4.2543+01 0.0003+00 7.3103+00 9.4653-03 0 .000E+00  0.0003+00 
280600 1.2293+00 3.4713-06 2.3213-04 1.6843-04 0.0003+00 0.000E+00 
280610 1.1083+00 0.000E+00 4.1473-04 1.5583-04 0.0003+00 0.0003+00 
280620 6.2033+00 0.0003+00 7.2283-06 3.0653-05 O.OOOE+OO 0.0003+00 
280630 1.005E+01 0.00OE+00 8.2193-06 1.8013-06 0.0003+00 0.000E+00 
280640 6.5833-01 2.9323-05 4.0363-07 1.6293-07 0.0003+00 0.0003+00 
290630 2.0993+00 0.0003+00 1.4153-05 1.4533-03 0.0003+00 0 . 0 0 0 3 + 0 0  
300660 3.9623-01 0.0003+00 1.0963-06 3.0253-05 0.0003+00 0.0003+00 
410930 7.2263-01 0.0003+00 3.7243-06 2.2853-05 1.0123-01 0.0003+00 
410940 9.1283+00 0,00OE+00 0.0003+00 3.4373-05 0.0003+00 0.0003+00 
420940 3.9583-01 0.0003+00 2.0233-04 3.0953-05 0.0003+00 0.0003+00 
420980 2.3263-01 0.000E+00 2.023E-05 2.4503-06 0.0003+00 0.0003+00 
420990 9.8203-01 7.0783-04 O.OOOE+OO O.OOOE+OO O.OOOE+OO 0.0003+00 
430990 1.5763+01 0.0003+00 0.0003+00 8.9713-05 0.0003+00 0.0003+00 
902320 5.2433+00 9.6043-04 7.4193-06 5.6033-03 0.0003+00 0.0003+00 
902330 5.9983+02 4.5593-03 2.1033-05 8.4483+00 0.0003+00 0.000E+00 
912330 3.7753+01 2.7563-04 2.6413-06 3.5803-02 1.2343+01 0.0003+00 
922330 2.3523+01 3.4123-04 9.5223-08 2.4273+02 0.0003+00 0.0003+00 

908 922340 5.9083+01 9.6193-05 1.088E-06 3.420E-01 0.000E+00 0.000E+00 

-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
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908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
908 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

922350 4.4463+01 4.8433-04 3.2863-07 2.4753+02 0.0003+00 0.0003+00 
922360 1.059E+01 5.0153-04 5.3693-06 1.7773-01 0.0003+00 0.0003+00 
922370 2.0673+02 1.4553-03 1.1053-05 1.0743+00 0.0003+00 0.0003+00 
922380 7.9633+00 9.5063-04 4.5593-06 2.3443-02 0.0003+00 0.0003+00 
922390 1.3183+01 4.0463-03 3.0363-05 1.2413+01 0.0003+00 O.OOOE+OO 
922400 5.4783+00 2.0843-03 3.1693-05 1.7283-02 O.OOOE+OO O.OOOE+OO 
932350 7.6733+02 2.5913-04 3.011E-06 1.7873-01 1.4723+02 0.0003+00 
932360 4.4423+01 7.7283-04 1.7063-06 1.1273+03 0.0003+00 0.0003+00 
932370 9.8273+01 8.8593-05 6.6523-07 1.5263-01 0.0003+00 2.2483-04 
932380 4.4423+01 9.1673-04 3.3903-06 9.3233+02 O.OOOE+OO O.OOOE+OO 
942370 2.0893+02 3.1233-04 5.9743-07 1.1833+03 0.0003+00 O.OOOE+OO 
942380 2.2653+02 2.748E-04 4.0683-06 7.5433+00 O.OOOE+OO 0.0003+00 
942390 1.6533+02 2.0343-04 2.4513-07 3.8073+02 O.OOOE+OO O.OOOE+OO 
942400 3.2273+02 9.0433-05 6.9633-07 2.2853-01 0.0003+00 0.0003+00 
942410 1.7443+02 1.3153-03 1.5993-06 4.8933+02 0.0003+00 0.0003+00 
942420 3.8233+01 3.9423-04 2.5223-06 1.2253-01 O.OOOE+OO O.OOOE+OO 
942430 1.2133+02 3.2483-03 1.8603-05 8.9443+01 0.0003+00 0.0003+00 
952410 3.2093+02 7.4243-05 7.0983-07 1.8563+00 1.0843+01 0.000E+O0 
952420 6.6143+02 7.3453-04 3.0693-06 3.2523+03 0.0003+00 0.0003+00 
952430 7.6613+01 4.8403-05 4.3813-07 1.1383-01 5.4163+01 0.0003+00 
962420 1.113E+01 1.1233-05 1.7173-08 1.3663+00 O.OOOE+OO O.OOOE+OO 
962430 1.6323+02 1.2353-03 3.6393-06 3.1253+02 O.OOOE+OO O.OOOE+OO 
962440 1.8973+01 2.3363-04 3.5703-06 6.8823-01 0.0003+00 0.0003+00 
962450 1.6323+02 1.2893-03 4.2023-06 8.2063+02 0.0003+00 0.0003+00 
962460 3.9113+00 1.0353-03 9.1643-06 2.4833-01 0.0003+00 0.0003+00 
962470 4.7253+01 1.9633-03 8.4763-06 5.7873+01 0.0003+00 0.0003+00 
962480 8.2503+00 1.1383-03 1.7783-05 5.1953-01 0.0003+00 0.0003+00 
972490 7.8323+02 1.2913-03 1.3343-05 5.2303-01 O.OOOE+OO O.OOOE+OO 
982490 2.1003+02 1.358E-03 8.8203-06 7.4083+02 0.000E+00 0.0003+00 
982500 1.0593+03 6.7263-04 6.1183-06 3.8263-01 0.0003+00 0.0003+00 
982510 1.2723+03 2.3033-03 9.1193-06 1.5563+03 0.0003+00 0.0003+00 
982520 1.0093+01 5.3893-04 5.4163-06 1.7213+01 0.0003+00 0.0003+00 
10010 
10020 
20030 
20040 
30060 
30070 
40090 
40100 
50100 
50110 
60120 
60130 
70140 
70150 
80160 
80170 
80180 
90190 
100200 
100210 
100220 
110230 
120240 
120250 
120260 
130270 
140280 
140290 
140300 
150310 
160320 

O.OOOOE+OO 

0.0000E+00 
0.0000E+OO 

0.0000E+OO 
9.63313-08 
8.14203-02 
7.98463+04 
0.0000E+00 
2.87623-02 
1.27293-01 
5.99363+01 

1.66573+01 

1.02473+03 

2.31103+00 
5.63163+00 
1.04003+02 

1.16963+01 

2.85603+00 

7.22363-01 

6.62803-02 

4.36533-01 

3.25873-01 

7.11883-02 

3.76633-01 
4.31263-01 
2.89723+01 
2.31563+01 
3.03623+00 
3.45813+00 
4.07103+00 
5.78573-01 

0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 

H1 INPUT BLOCK 
H2 MASS FOLLOWS 
He3 
He4 
Li 6 
Li7 
Be9 = balance 
Bel0 
B10 
B11 
C12 C=745ppm 
C13 
N14 N=205ppm 
N15 
016 
017 
018 
F19 
Ne2 0 
Ne2 1 
Ne22 
Na2 3 
Mg2 4 
Mg2 5 
Mg2 6 
A121 
Si28 
Si29 
Si30 
P31 
532 

-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
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1 160330 
1 160340 
1 160350 
1 160360 
1 170350 
1 170360 
1 170370 
1 180360 
1 180370 
1 180380 
1 180390 
1 180400 
1 190390 
1 190400 
1 190410 
1 200400 
1 200410 
1 200420 
1 200430 
1 200440 
1 200450 
1 200460 
1 200470 
1 200480 
1 210450 
1 220460 
1 220470 
1 220480 
1 220490 
1 220500 
1 230500 
1 230510 
1 240500 
1 240510 
1 240520 
1 240530 
1 240540 
1 250550 
1 260540 
1 260550 
1 260560 
1 260570 
1 260580 
1 270590 
1 280580 
1 280590 
1 280600 
1 280610 
1 280620 
1 280630 
1 280640 
1 290630 
1 290640 
1 290650 
1 300640 
1 300650 
1 300660 
1 300670 
1 300680 
1 300690 
1 300700 
1 310690 
1 310700 

4.70943-03 
2.72363-02 
O.OOOOE+OO 
1.37003-04 
3.04253+00 
O.OOOOE+OO 
1.02853+00 
1.57363-03 
O.OOOOE+OO 

0.0000E+OO 
3.10523-04 

5.16763-01 
9.89003-01 
1.2726E-04 
7.50343-02 
1.57403+01 
0.0000E+OO 
1.10313-01 
2.35643-02 
3.72583-01 
O.OOOOE+OO 

0.0000E+OO 
7.4690E-04 

3.64363-02 
1.87273-01 
3.85503-01 
3.59413-01 
3.71083+00 
2.82313-01 
2.82843-01 
6.83193-04 
2.78043-01 
3.14323-01 
0.0000E+OO 
6.30383+00 
7.28463-01 
1.84773-01 
4.61383+00 
6.95583+00 

1.12143+02 
2.61333+00 

0.0000E+OO 

3.54563-01 
9.7704E-01 
1.23923+01 
0.0000E+OO 
4.90093+00 
2.15723-01 
6.96573-01 
0.0000E+OO 
1.82263-01 
4.88013+00 

2.24423+00 

O.OOOOE+OO 

0.0000E+00 

5.02873-01 

2.97713-01 
4.44123-02 
2.06683-01 
0.0000E+OO 
6.79033-03 
4.15763-02 
O.OOOOE+OO 

0 0.0 
0 0.0 
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0.0 
0 0.0 
0 0 . 0  
0 0 . 0  
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0 . 0  

53 3 
534 
s3 5 
53 6 
(2135 
C136 
C137 
Ar3 6 
Ar37 
Ar3 8 
Ar39 
Ar40 
K3 9 
K4 0 
K4 1 
Ca40 
Ca41 
Ca42 
Ca43 
Ca44 
Ca45 
Ca46 
Ca47 
Ca48 
5c45 
t146 
t147 
t148 
t149 
t150 
V50 
V5 1 
Cr50 
Cr51 
Cr52 
Cr53 
Cr54 
Mn5 5 
Fe54 
Fe55 
Fe5 6 
Fe57 
Fe58 
Co59 = 12ppm 
n158 
n159 
n160 
n161 
n162 
n163 
n164 
Cu63 
Cu64 
Cu65 
Zn64 
Zn6 5 
Zn6 6 
Zn67 
21168 
Zn69 
Zn7 0 
Ga69 
Ga7 0 
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1 310710 
1 320700 
1 320710 
1 320720 
1 320730 
1 320740 
1 320750 
1 320760 
1 330750 
1 340740 
1 340750 
1 340760 
1 340770 
1 340780 
1 340790 
1 340800 
1 340810 
1 340820 
1 350790 
1 350800 
1 350810 
1 360780 
1 360790 
1 360800 
1 360810 
1 360820 
1 360830 
1 360840 
1 360850 
1 360860 
1 370850 
1 370860 
1 370870 
1 380840 
1 380850 
1 380860 
1 380870 
1 380880 
1 390890 
1 400900 
1 400910 
1 400920 
1 400930 
1 400940 
1 400950 
1 400960 
1 410930 
1 420920 
1 420930 
1 420940 
1 420950 
1 420960 
1 420970 
1 420980 
1 420990 
1 421000 
1 430990 
1 440960 
1 440970 
1 440980 
1 440990 
1 441000 
1 441010 

2.83913-02 
8.03453-02 
O.OOOOE+OO 
1.1046E-01 
3.18803-02 
1.51233-01 
0.0000E+00 
3.31913-02 
1.45093-01 
1.63473-03 
0.00003+00 
1.69753-02 
1.43643-02 
4.51823-02 
0.00003+00 
9.79833-02 
0.0000E+OO 

2.11973+00 
0.0000E+OO 
2.11423+00 

0 . 0 0 0 0 E + O O  

1.79133-02 

2.25663-02 

1.48793-01 
0.00003+00 
7.86273-01 
7.89003-01 
3.95783+00 

1.22983+00 
0.0000E+00 

4.53343-01 
0.0000E+00 
1.79023-01 
2.62003-03 
0.0000E+00 
4.72293-02 
3.39193-02 
4.04753-01 
8.14203-02 
1.57773+00 
3.47883-01 
5.37593-01 
O.OOOOE+OO 

O.OOOOE+OO 
5.56643-01 

9.15863-02 
9.52613-01 
1.15763-01 
0.0000E+OO 
7.37253-02 
1.28243-01 
1.35773-01 
7.85453-02 
2.00513-01 
0.00003+00 

0.00003+00 

0.0000E+OO 

8.16533-02 

2.14033-02 

7.33543-03 
5.05973-02 
5.07063-02 
6.95033-02 

0 0.0 
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 

Ga7 1 
Ge7 0 
Ge7 1 
Ge72 
Ge7 3 
Ge7 4 
Ge7 5 
Ge7 6 
a575 
Se7 4 
5e75 
5e76 
5e77 
Se7 8 
Se7 9 
5e80 
5e81 
5e82 
Br7 9 
Br80 
Br81 
Kr7 8 
Kr7 9 
Kr80 
Kr81 
Kr82 
Kr83 
Kr84 
Kr85 
Kr86 
Rb8 5 
Rb8 6 
Rb87 
5r84 
5r85 
5r86 
5r87 
5r88 
Y89 
7x90 
zr91 
Zr92 
Zr93 
21-94 
Zr95 
Zr96 
Nb9 3 
m092 
m093 
m094 
M095 
Mo9 6 
m097 
Mo9 8 
Mo9 9 
m0100 
Tc99 
Ru9 6 
Rug7 
Rug8 
Rug9 
RulOO 
RulOl 
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1 441020 
1 441030 
1 441040 
1 451030 
1 461020 
1 461030 
1 461040 
1 461050 
1 461060 
1 461070 
1 461080 
1 461090 
1 461100 
1 471070 
1 471080 
1 471090 
1 481060 
1 481070 
1 481080 
1 481090 
1 481100 
1 481110 
1 481120 
1 481130 
1 481140 
1 481150 
1 481160 
1 491130 
1 491140 
1 491150 
1 501120 
1 501130 
1 501140 
1 501150 
1 501160 
1 501170 
1 501180 
1 501190 
1 501200 
1 501210 
1 501220 
1 501230 
1 501240 
1 511210 
1 511220 
1 511230 
1 521200 
1 521210 
1 521220 
1 521230 
1 521240 
1 521250 
1 521260 
1 521270 
1 521280 
1 521290 
1 521300 
1 531270 
1 541240 
1 541250 
1 541260 
1 541270 
1 541280 

1.29713-01 
O.OOOOE+OO 
7.78453-02 
8.09043-02 
3.97663-03 
O.OOOOE+OO 
4.42823-02 
8.96163-02 
1.10733-01 
0.0000E+OO 
1.09223-01 
0.0000E+OO 
4.92753-02 
9.06333-02 
0.0000E+OO 
8.57773-02 
9.58883-04 
O.OOOOE+OO 
6.95603-04 
O.OOOOE+OO 
9.94273-03 
1.02823-02 
1.95583-02 
9.99303-03 
2.37023-02 
0.0000E+OO 
6.28763-03 
2.35943-04 
O.OOOOE+OO 
5.34403-03 
2.23363-03 
0.0000E+OO 
1.52343-03 
8.51153-04 
3.46523-02 
1.84743-02 
5.87583-02 
2.09913-02 
8.04033-02 
O.OOOOE+OO 

0.0000E+OO 
1.16133-02 

1.47613-02 
1.11693-02 
0.0000E+OO 
8.42613-03 
3.45053-03 
O.OOOOE+OO 
9.56403-02 
3.36923-02 
1.79783-01 
2.69383-01 
7.21943-01 
O.OOOOE+OO 
1.22813+00 
0.0000E+OO 
1.33273+00 
8.14203-01 
4.12903-02 
0.0000E+OO 
3.77603-02 
0.0000E+OO 
8.14073-01 

0 0 . 0  
0 0.0 
0 0 . 0  
0 0.0 
0 0 . 0  
0 0 . 0  
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0.0 

Ru102 
Ru103 
Ru104 
RhlO 3 
Pd102 
PdlO 3 
Pd104 
Pd105 
Pd106 
Pd107 
PdlO 8 
Pd109 
PdllO 
AglO 7 
Ag108 
AglO 9 
CdlO 6 
Cd107 
Cd108 
Cd109 
CdllO 
Cdlll 
Cd112 
Cd113 
Cd114 
Cd115 
Cd116 
1n113 
1n114 
1n115 
5n112 
5n113 
5n114 
5n115 
5n116 
5n117 
5n118 
5n119 
5n120 
5n121 
5n122 
5n123 
5n124 
Sb12 1 
5b122 
5b123 
Te120 
Te12 1 
Te122 
Te123 
Te124 
Te125 
Te126 
Te127 
Te128 
Te129 
Te130 
1127 
Xe124 
Xe125 
Xe126 
Xe127 
Xe128 
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1 541290 
1 541300 
1 541310 
1 541320 
1 541330 
1 541340 
1 541350 
1 541360 
1 551330 
1 561300 
1 561310 
1 561320 
1 561330 
1 561340 
1 561350 
1 561360 
1 561370 
1 561380 
1 571380 
1 571390 
1 581360 
1 581370 
1 581380 
1 581390 
1 581400 
1 581410 
1 581420 
1 591410 
1 601420 
1 601430 
1 601440 
1 601450 
1 601460 
1 601470 
1 601480 
1 601490 
1 601500 
1 611450 
1 621440 
1 621450 
1 621460 
1 621470 
1 621480 
1 621490 
1 621500 
1 621510 
1 621520 
1 621530 
1 621540 
1 631510 
1 631520 
1 631530 
1 641520 
1 641530 
1 641540 
1 641550 
1 641560 
1 641570 
1 641580 
1 641590 
1 641600 
1 651590 
1 661560 

1.13403+01 
1.77483+00 
9.24753+00 
1.18233+01 
O.OOOOE+OO 
4.64043+00 

4.03043+00 
0 . 0 0 0 0 E + 0 0  

1.63933-02 
4.89873-04 
0.0000E+OO 
4.73943-04 
0 . 0 0 0 0 E + 0 0  
1.15283-02 
3.16413-02 
3.79523-02 
5.46923-02 
3.51743-01 
7.27513-05 
8.13473-02 
1.50053-04 
0.00003+00 

O.OOOOE+OO 
2.00343-04 

7.18923-02 
0.0000E+00 
9.17803-03 
8.14203-02 
1.08663-01 
4.91273-02 
9.66673-02 
3.39463-02 
7.07903-02 
0.00003+00 
2.40453-02 
0.0000E+00 
2.38623-02 
O.OOOOE+OO 

0 . 0 0 0 0 E + O O  
0 . 0 0 0 0 E + O O  

1.20803-03 

5.96683-03 
4.52563-03 
5.56413-03 
3.00373-03 
0.0000E+OO 

O.OOOOE+OO 
9.45973-03 
0.0 
0.00003+00 
0.0 
3.14653-05 
0.00003+00 

1.09823-02 

3.47483-04 
2.37443-03 
3.30523-03 
2.543112-03 
4.06223-03 
O.OOOOE+OO 
3.62013-03 
8.14203-02 
9.37563-06 

0 0.0 
0 0.0 
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0 . 0  
0 0.0 
0 0 . 0  
0 0 . 0  
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0.0 

Xe129 
Xe130 
Xe131 
Xe132 
Xe133 
Xe134 
Xe135 
Xe136 
Cs133 = 0.20ppm 
Ba130 
Ba131 
Ba132 
Ba133 
Ba134 
Ba135 
Ba136 
Ba137 
Ba138 
1a138 
1a139 
Ce13 6 
Ce137 
Ce138 
Ce139 
Ce140 
Ce141 
Ce142 
Pr141 
Ndl4 2 
Nd143 
Nd144 
Nd145 
Nd146 
Nd147 
Nd148 
Nd149 
Nd150 
h145 
Sml4 4 
5m145 
5m146 
Sml4 7 
Sml4 8 
Sml4 9 
Sm15 0 
Sm15 1 
Sml5 2 
Sml5 3 
5m154 
Eu151=0 
Eu152=0 
Eu153 = O  
Gd152 
Gd153 
Gd154 
Gdl5 5 
Gd156 
Gd157 
Gd158 
Gdl5 9 
Gd160 
Tb159 
Dyl5 6 
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1 661570 
1 661580 
1 661590 
1 661600 
1 661610 
1 661620 
1 661630 
1 661640 
1 671650 
1 681620 
1 681630 
1 681640 
1 681650 
1 681660 
1 681670 
1 681680 
1 681690 
1 681700 
1 691690 
1 701680 
1 701690 
1 701700 
1 701710 
1 701720 
1 701730 
1 701740 
1 701750 
1 701760 
1 711750 
1 711760 
1 721740 
1 721750 
1 721760 
1 721770 
1 721780 
1 721790 
1 721800 
1 731801 
1 731810 
1 741800 
1 741810 
1 741820 
1 741830 
1 741840 
1 741850 
1 741860 
1 751850 
1 751860 
1 751870 
1 761840 
1 761850 
1 761860 
1 761870 
1 761880 
1 761890 
1 761900 
1 761910 
1 761920 
1 771910 
1 771920 
1 771930 
1 781900 
1 781910 

0.00003+00 

0.00003+00 
1.58263-05 

3.75023-04 
3.04803-03 
4.13793-03 
4.06553-03 
4.63253-03 
8.14203-02 
5.51813-05 
0.00003+00 
6.42413-04 
O.OOOOE+OO 
1.3 57 03-02 
9.32493-03 
1.09543-02 
0.00003+00 
6.16283-03 
4.07103-02 
2.05463-05 
0.00003+00 
4.87783-04 
2.30043-03 
3.54363-03 
2.62353-03 
5.20543-03 
0.00003+00 
2.10283-03 
5.28663-02 
1.41373-03 
5.44173-05 
0.00003+00 
1.76883-03 
6.35773-03 
9.38013-03 
4.70973-03 
1.21973-02 
4.20723-06 
3.52513-02 
7.28863-03 
0.00003+00 
1.61523+00 

1.90613+00 
O.OOOOE+OO 
1.79503+00 

8.81793-01 

1.94793-02 
0.00003+00 
3.29563-02 
1.00313-05 
0.0000E+OO 
8.01023-04 
8.15533-04 
6.81533-03 
8.29403-03 
1.36723-02 
0.00003+00 
2.14573-02 
1.50863-04 
0.00003+00 

8.07653-04 
0.0000E+OO 

2.56243-04 

0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0 . 0  
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0 . 0  
0 0.0 
0 0 . 0  
0 0 . 0  
0 0.0 
0 0 . 0  
0 0 . 0  
0 0.0 
0 0.0 
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0.0 
0 0.0 
0 0 . 0  

Dy157 
-158 
Dy159 
3160 
Dy161 
dy162 
Dy163 
Dyl6 4 
h0165 
Er162 
Er163 
Er164 
Er165 
Er166 
Er167 
Er168 
Er169 
Er170 
tm169 
Yb168 
Yb169 
Yb170 
Yb17 1 
Yb172 
Yb17 3 
Yb174 
Yb175 
Yb176 
1u175 
1u176 
Hf174 
Hf175 
Hf176 
Hf177 
Hf178 
Hf179 
Hf180 
Tal80M 
ta181 
W180 
W181 
W182 
W183 

W185 
W186 
Re185 
Re186 
Re187 
05184 
05185 
05186 
05187 
05188 
05189 
05190 
05191 
05192 
1r191 
1r192 
1r193 
Pt190 
Pt191 

w1a4 
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1 7 8192 0 
1 781930 
1 781940 
1 781950 
1 781960 
1 781970 
1 7 8 1 9 8 0  
1 7 9 1 9 7 0  
1 801960 
1 801970 
1 801980 
1 801990 
1 802000 
1 802010 
1 802020 
1 802030 
1 802040 
1 812030 
1 812040 
1 812050 
1 822040 
1 822050 
1 822060 
1 822070 
1 822080 
1 832090 
2 902320 
2 922340 
2 922350 
2 922360 
2 922370 
2 922380 
0 

6 .44763-02  
O.OOOOE+OO 
2 . 7 1 3 1 3 + 0 0  
2 . 8 0 1 7 3 + 0 0  
2 . 1 0 7 9 3 + 0 0  
O.OOOOE+OO 
6 . 0 6 0 0 3 - 0 1  
2 . 0 1 9 2 3 + 0 0  
4 .85963-04  
O.OOOOE+OO 
3 . 2 7 2 8 3 - 0 2  
5 . 5 5 9 0 3 - 0 2  
7 . 6 3 6 6 3 - 0 2  
4 . 3 8 5 6 3 - 0 2  
9 . 9 5 0 0 3 - 0 2  
0.0000E+OO 
2.30983-02  
5 . 9 6 7 4 3 - 0 1  
O.OOOOE+OO 
1 . 4 3 8 8 3 + 0 0  
1 . 1 2 2 1 3 - 0 3  
0.0000E+00 
1 . 9 5 0 5 3 - 0 2  
1 . 7 9 7 3 3 - 0 2  
4 . 2 8 2 0 3 - 0 2  
O.OOOOE+OO 
3 . 5 6 6 2 3 - 0 2  
1 . 3 2 1 0 3 - 0 4  
1 . 7 3 6 7 3 - 0 2  
0.0000E+OO 

2 . 4 2 5 1 3 + 0 0  
O.OOOOE+OO 

0 0 . 0  
0 0 . 0  
0 0.0 
0 0 . 0  
0 0 . 0  
0 0.0 
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0.0 
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 

P t 1 9 2  
P t 1 9 3  
P t 1 9 4  
P t 1 9 5  
P t 1 9 6  
P t 1 9 7  
P t 1 9 8  
Au197 
Hg196 
Hg197 
Hg198 
Hg199 
Hg200 
Hg2 0 1 
Hg2 02 
Hg203 
Hg204 
T1203 
T1204 
T1205 
Pb204 
Pb205 
Pb206 
Pb2 07 
Pb208 
b1209 
Th2 3 2 
U234 
U235 
U236 
U237 
U238 U=3Oppm 
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Appendix E 

Oak Ridge Isotope GENeration and Depletion Code Version 2 
Input Model for the Materials Test Reactor 

Beryllium Reflector from Core 1 

Appendix E is a listing of the input file used with the Oak Ridge Isotope GENeration and Depletion 
Code Version 2 to model activation and transmutation in the beryllium reflector used for Core 1 of the 
Materials Test Reactor. 

-1 
-1 
-1 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
BAS 
LIP 
LPU 

L PU 

LIB 
PHO 
RDA 
RDA 
RDA 
RDA 
RDA 
RDA 
RDA 
OPTL 
OPTA 
OPTF 
CUT 
INP 
MOV 
BUP 
RDA 
RDA 
IRF 
IRF 

MMTR - Beryllium Block Inventory (CURIES) Revised 1/31/2003 
IINPUT: BE-MTR3.inp ACTIVATION ANALYSIS 
OOUTPUT: BE-MTR3.out INCLUDES NEW XS SET 

CCOMPONENT: Total MTR Beryllium Block Inventory 
LLOCATION: MTR BLOCKS for 2,000 kg 
IIRARADIATION: 3/31/52 - 7/3/69 for 6,303 days 

MMATERIAL : Beryllium Metal 
MMATERIAL MASS: 2.OE+6 grams of Be including other trace elements 

0 0 0  
30060 40090 
60120 60130 70140 80170 270590 

270600 270601 280580 280590 280600 
280610 280620 280630 280640 290630 
300660 410930 410940 420940 420980 
420990 430990 -1 
902320 902330 912330 922330 922340 
922350 922360 922370 922380 922390 
922400 932350 932360 932370 932380 
942370 942380 942390 942400 942410 
942420 942430 952410 952420 952430 
962420 962430 962440 962450 962460 
962470 962480 972490 982490 982500 
982510 982520 -1 
0 1 2 3 -204 -908 909 9 50 0 4 0 
101 102 103 10 

* All Beryllium Blocks for MTR 
* 1952-1969 (or 6,303-day irradiation from March 3, 1952=19,084) 
* Decay Time: 0 days = Scram on July 3, 1969 
* Decay Time: 6,303+2,920 = 9,224 days=July 2, 1977 est disposal date 
* Decay Time: 6,303+11,762 = 18,065 days = Sept 15, 2001 

8 8 8 8 2  8 2 8 8 8  8 8 8 8 8  8 8 8 8 8  8 8 8 8  
8 8 8 8 2  8 2 8 8 8  8 8 8 8 8  8 8 8 8 8  8 8 8 8  
8 8 8 8 2  8 2 8 8 8  8 8 8 8 8  8 8 8 8 8  8 8 8 8  

-1 1 -1 -1 1 1 Read input to vector -1 
-1 1 0 1.0 Input of Be at 2.OE6 g 

*_--_____---______--____________________---- 

* -____- - -____- - -___-_- - - - - - - -_ - - - - - - - - - - -_ - -  

7 1.OE-06 28 1.OE-75 -1 

Est total flux to power ratio in the MTR reflector is 1.OE14/40 MW 
MTR total exposure = 177,887 MWE over 6,303 D => 28.22 MW per day 

500.0 7.056E+13 1 2 4 2 at 28.22 MW 
1000.0 7.0563+13 2 3 4 0 at 28.22 MW 
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IRF 1500.0 7.0563+13 3 4 4 0 at 28.22 MW 
IRF 2000.0 7.0563+13 4 5 4 0 at 28.22 MW 
IRF 2500.0 7.0563+13 5 6 4 0 at 28.22 MW 
IRF 3000.0 7.0563+13 6 7 4 0 at 28.22 MW 
IRF 3500.0 7.0563+13 7 8 4 0 at 28.22 MW 
IRF 4000.0 7.0563+13 8 9 4 0 at 28.22 MW 
IRF 4500.0 7.0563+13 9 10 4 0 at 28.22 MW 
I RF 5000.0 7.0563+13 10 11 4 0 at 28.22 MW 
IRF 5500.0 7.0563+13 11 12 4 0 at 28.22 MW 
MOV 12 2 0 1.0 
IRF 6000.0 7.0563+13 2 3 4 0 at 28.22 MW 
MOV 3 2 0 1.0 
IRF 6303.0 7.0563+13 2 3 4 0 End of irradiation 7/3/1969 
DEC 9224.0 3 4 4 0 Est disposal date J u l y  1977 
DEC 18065.0 4 5 4 0 to date Sept 15, 2001 
HED 3 JUL1969 
HED 4 JUL1977 
HED 5 SEP2001 
OUT 5 1 0 0 
STP 4 
204 30060 8.4833-03 0.0003+00 2.0633+02 7.4523-04 0.0003+00 0.0003+00 
204 40090 1.9483-03 2.0803-02 7.4273-03 0.0003+00 0.0003+00 0.0003+00 
204 60120 1.1423-03 0.0003+00 1.0033-04 0.0003+00 O.OOOE+OO O.OOOE+OO 
204 60130 2.0603-04 4.5403-05 7.9693-04 0.0003+00 0.0003+00 0.0003+00 
204 70140 1.6603-02 0.0003+00 1.6923-02 4.1953-01 0.0003+00 0.0003+00 
204 80170 0.0003+00 0.0003+00 7.7863-02 O.OOOE+OO O.OOOE+OO O.OOOE+OO 
204 270590 5.7433+00 0.000E+00 2.7863-05 2.6323-04 2.6223+00 O.OOOE+OO 
204 270600 5.5493-01 0.0003+00 1.1083-05 4.4473-05 O.OOOE+OO O.OOOE+OO 
204 270601 1.7673+01 0.0003+00 2.0683-05 3.1623-04 0.0003+00 0.0003+00 
204 280580 1.0183+00 2.4913-06 3.1273-03 9.7063-03 0.0003+00 0.0003+00 
204 280590 2.2963+01 0.0003+00 4.4363+00 2.1123-02 0.0003+00 0.000E+00 
204 280600 6.2513-01 2.2003-06 6.8713-04 5.211E-04 0.0003+00 0.0003+00 
204 280610 5.7303-01 0.0003+00 1.2623-03 4.7813-04 0.0003+00 0.0003+00 
204 280620 3.1293+00 0.0003+00 2.1133-05 3.0653-05 O.OOOE+OO O.OOOE+OO 
204 280630 5.0723+00 0.0003+00 2.4153-05 5.0603-06 0.0003+00 0.0003+00 
204 280640 3.3773-01 4.0753-05 1.0103-06 2.8383-07 0.000E+00 0.0003+00 
204 290630 1.109E+00 0.0003+00 4.0533-05 4.4173-03 0.0003+00 0.0003+00 
204 300660 2.1513-01 0.0003+00 2.6413-06 8.9003-05 0.0003+00 0.0003+00 
204 410930 5.2133-01 0.0003+00 1.0573-05 6.6723-05 1.0123-01 0.0003+00 
204 410940 6.6513+00 O.OOOE+OO O.OOOE+OO 1.0063-04 O.OOOE+OO O.OOOE+OO 
204 420940 2.6763-01 0.0003+00 2.0233-04 8.5773-05 0.0003+00 0.0003+00 
204 420980 2.3593-01 0.000E+00 2.0233-05 2.4503-06 0.0003+00 0.0003+00 
204 420990 8.7933-01 2.0853-03 0.0003+00 0.0003+00 0.0003+00 0.0003+00 
204 430990 1.2543+01 O.OOOE+OO 0.0003+00 2.643E-04 O.OOOE+OO 0.0003+00 
908 902320 4.0533+00 2.8473-03 3.9043-06 1.5603-02 0.0003+00 0.0003+00 
908 902330 2.9703+02 1.3263-02 2.5153-05 5.5253+00 0.0003+00 0.0003+00 
908 912330 3.1473+01 8.1923-04 1.2233-07 9.9023-02 1.2343+01 0.0003+00 
908 922330 1.3753+01 9.8493-04 0.0003+00 1.3093+02 0.0003+00 0.0003+00 
908 922340 3.7743+01 2.6813-04 5.1263-08 4.3463-01 0.0003+00 0.0003+00 
908 922350 2.3963+01 1.4163-03 7.9303-08 1.2483+02 0.0003+00 0.0003+00 
908 922360 1.0783+01 1.5093-03 2.7593-06 2.6553-01 0.000E+00 0.0003+00 
908 922370 1.0553+02 4.3143-03 1.0973-05 8.0043-01 0.0003+00 0.0003+00 
908 922380 8.5143+00 2.8303-03 2.1243-06 6.4513-02 0.0003+00 0.0003+00 
908 922390 8.9603+00 1.1813-02 4.2503-05 1.0423+01 0.0003+00 0.0003+00 
908 922400 5.7993+00 6.1563-03 4.6813-05 4.8713-02 0.0003+00 0.0003+00 
908 932350 3.7593+02 7.5203-04 0.0003+00 3.7933-01 1.4723+02 0.0003+00 
908 932360 2.2663+01 2.2703-03 1.2853-07 5.8103+02 0.0003+00 0.0003+00 
908 932370 6.1853+01 2.5863-04 4.3203-08 3.5353-01 0.0003+00 2.2483-04 
908 932380 2.2663+01 2.6743-03 1.030E-06 4.8043+02 0.0003+00 0.000E+00 
908 942370 1.2593+02 9.3283-04 0.0003+00 6.5863+02 0.0003+00 0.0003+00 
908 942380 1.1083+02 7.7263-04 1.0723-07 4.4623+00 0.0003+00 0.000E+00 
908 942390 1.0013+02 5.9483-04 1.2803-08 2.1293+02 0.0003+00 0.0003+00 
908 942400 2.8703+02 2.6393-04 1.8203-07 4.3233-01 0.0003+00 0.0003+00 

-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 



9 0 8  
9 0 8  
9 0 8  
9 0 8  
9 0 8  
9 0 8  
9 0 8  
9 0 8  
9 0 8  
9 0 8  
9 0 8  
9 0 8  
9 0 8  
9 0 8  
9 0 8  
9 0 8  
9 0 8  
908 

942410 9 . 3 4 7 3 + 0 1  3 . 8 3 3 3 - 0 3  1 . 2 9 4 3 - 0 6  2 . 5 9 8 3 + 0 2  O.OOOE+OO 0 . 0 0 0 3 + 0 0  
942420 3 . 5 3 3 3 + 0 1  1 . 1 7 0 3 - 0 3  6 . 1 6 0 3 - 0 7  2 . 9 3 4 3 - 0 1  0 . 0 0 0 3 + 0 0  0 . 0 0 0 E + 0 0  
942430 6 . 3 4 2 3 + 0 1  9 . 4 1 5 3 - 0 3  2 . 2 0 5 3 - 0 5  5 . 1 5 5 3 + 0 1  0.0003+00 0.0003+00 
952410 1 . 9 6 7 3 + 0 2  2 . 1 5 5 3 - 0 4  1 . 0 1 4 3 - 0 7  1 . 3 9 5 3 + 0 0  1 . 0 8 4 3 + 0 1  0.0003+00 
952420 3 . 3 3 6 3 + 0 2  2 . 1 6 7 3 - 0 3  1 . 3 3 3 3 - 0 6  1 . 6 4 7 3 + 0 3  0.0003+00 0.0003+00 
952430 6 . 7 4 2 3 + 0 1  1 . 3 8 5 3 - 0 4  2 . 6 1 3 3 - 0 8  2 . 8 5 5 3 - 0 1  5 . 4 1 6 3 + 0 1  0.0003+00 
962420 8 . 4 5 8 3 + 0 0  3 . 4 1 2 3 - 0 5  O.OOOE+OO 8 . 5 2 9 3 - 0 1  0 . 0 0 0 3 + 0 0  0 . 0 0 0 3 + 0 0  
962430 8 . 0 3 7 3 + 0 1  3 . 6 0 0 3 - 0 3  1 . 1 3 5 3 - 0 6  1 . 6 5 0 3 + 0 2  0 . 0 0 0 3 + 0 0  0 . 0 0 0 3 + 0 0  
962440 2 . 0 3 7 3 + 0 1  6 . 9 5 6 3 - 0 4  7 . 3 2 4 3 - 0 7  8 . 6 4 1 3 - 0 1  0 . 0 0 0 3 + 0 0  0 . 0 0 0 3 + 0 0  
962450 8 . 0 3 7 3 + 0 1  3 . 7 5 4 3 - 0 3  1 . 7 4 0 3 - 0 6  4 . 0 5 5 3 + 0 2  0 . 0 0 0 3 + 0 0  0 . 0 0 0 3 + 0 0  
962460 4 . 2 9 6 3 + 0 0  3 . 1 1 7 3 - 0 3  8 . 5 9 2 3 - 0 6  4 . 1 8 5 3 - 0 1  0 . 0 0 0 3 + 0 0  0.0003+00 
962470 2 . 8 6 2 3 + 0 1  5 . 6 7 2 3 - 0 3  9 . 5 8 7 3 - 0 6  4 . 2 6 1 3 + 0 1  0 . 0 0 0 3 + 0 0  0 . 0 0 0 3 + 0 0  
962480 8 . 5 4 9 3 + 0 0  3 . 3 8 5 3 - 0 3  2 . 0 8 4 3 - 0 5  6 . 7 7 0 3 - 0 1  0 . 0 0 0 3 + 0 0  0 . 0 0 0 3 + 0 0  
972490 4 . 4 7 4 3 + 0 2  3 . 8 4 4 3 - 0 3  1 . 0 7 2 3 - 0 5  4 . 3 2 5 3 - 0 1  0.000E+00 0.0003+00 
982490 1 . 0 6 6 3 + 0 2  3 . 9 5 8 3 - 0 3  9 . 7 7 1 3 - 0 6  3 . 9 5 8 3 + 0 2  0 . 0 0 0 3 + 0 0  0.0003+00 
982500 7 . 5 6 6 3 + 0 2  2 . 0 4 1 3 - 0 3  4 . 2 7 2 3 - 0 6  7 . 1 6 1 3 - 0 1  0.000E+00 0.0003+00 
982510 6 . 5 9 5 3 + 0 2  6 . 6 6 6 3 - 0 3  1 . 0 1 7 3 - 0 5  7 . 8 6 4 3 + 0 2  0 .000E+00 0.0003+00 
982520 5 .8043+00 1 . 5 8 7 3 - 0 3  7 . 2 7 9 E - 0 6  1 . 0 5 7 E + 0 1  0.000E+00 0.000E+00 

1 1 0 0 1 0  
1 1 0 0 2 0  
1 20030 
1 20040 
1 30060 
1 30070 
1 40090 
1 40100 
1 50100 
1 50110 
1 60120 
1 60130 
1 7 0 1 4 0  
1 70150 
1 80160 
1 80170 
1 80180 
1 90190 
1 1 0 0 2 0 0  
1 1 0 0 2 1 0  
1 1 0 0 2 2 0  
1 1 1 0 2 3 0  
1 1 2 0 2 4 0  
1 1 2 0 2 5 0  
1 1 2 0 2 6 0  
1 1 3 0 2 7 0  
1 1 4 0 2 8 0  
1 1 4 0 2 9 0  
1 1 4 0 3 0 0  
1 1 5 0 3 1 0  
1 1 6 0 3 2 0  
1 1 6 0 3 3 0  
1 1 6 0 3 4 0  
1 1 6 0 3 5 0  
1 1 6 0 3 6 0  
1 1 7 0 3 5 0  
1 1 7 0 3 6 0  
1 1 7 0 3 7 0  
1 1 8 0 3 6 0  
1 1 8 0 3 7 0  
1 1 8 0 3 8 0  
1 1 8 0 3 9 0  
1 1 8 0 4 0 0  
1 1 9 0 3 9 0  
1 1 9 0 4 0 0  

0.0000 0 0 . 0  H 1  
0 . 0 0 0 0  0 0 . 0  H2 
0.0000 0 0 . 0  He3 
0.0000 0 0 . 0  He4 
0.0000 0 0 . 0  Li6 
2 . 0 0 0 0  0 0 . 0  L i 7  
1 9 6 1 3 3 5 . 6 7 0 0  0 0.0 Be9 
0.0000 0 0.0 B e l 0  
0 . 7 0 6 5  0 0 . 0  B10 
3 . 1 2 6 8  0 0 . 0  B 1 1  
1 4 7 2 . 2 5 5 9  0 0 . 0  C12 
1 7 . 7 4 4 1  0 0 . 0  C13 
4 0 9 . 1 7 1 9  0 0.0 N14 
1 . 6 2 8 1  0 0.0 N15 
2 5 1 6 9 . 8 4 2 0  0 0 . 0  0 1 6  
1 0 . 7 2 2 9  0 0 . 0  0 1 7  
5 6 . 7 6 8 4  0 0 . 0  0 1 8  
1 3 8 . 3 3 3 3  0 0 . 0  F19 
2 5 5 4 . 7 0 4 1  0 0 . 0  Ne20 
8 . 0 0 4 6  0 0.0 Ne21 
2 8 7 . 2 9 1 3  0 0 . 0  Ne22 
1 . 7 4 8 7  0 0 . 0  Na23 
7 0 . 1 5 5 0  0 0.0 Mg24 
9 . 2 5 1 6  0 0 . 0  Mg25 
1 0 . 5 9 3 4  0 0.0 Mg26 
7 1 1 . 6 6 6 7  0 0 . 0  A127 
5 6 8 . 8 0 5 8  0 0.0 S i 2 8  
7 4 . 5 8 1 6  0 0 . 0  S i 2 9  
8 4 . 9 4 5 9  0 0 . 0  S i 3 0  
1 0 0 . 0 0 0 0  0 0 . 0  P31 
1 4 . 2 1 1 9  0 0 . 0  S32 
0 . 1 1 5 7  0 0 . 0  S 3 3  
0 . 6 6 9 0  0 0 . 0  S34 
0 . 0 0 0 0  0 0 . 0  5 3 5  
0 . 0 0 3 4  0 0 . 0  S36 
7 4 . 7 3 5 2  0 0 . 0  C135 
0 . 0 0 0 0  0 0.0 C136 
2 5 . 2 6 4 8  0 0.0 C137 
0 . 0 3 8 7  0 0.0 Ar36 
0.0000 0 0 . 0  Ar37  
0 . 0 0 7 6  0 0.0 A r 3 8  
0.0000 0 0 . 0  Ar39 
1 2 . 6 9 3 7  0 0 . 0  Ar40  
2 4 . 2 9 3 7  0 0.0 K39 
0 . 0 0 3 1  0 0 . 0  K40 

- 1 . 0  
- 1 . 0  
- 1 . 0  
- 1 . 0  
- 1 . 0  
- 1 . 0  
- 1 . 0  
- 1 . 0  
- 1 . 0  
- 1 . 0  
- 1 . 0  
- 1 . 0  
- 1 . 0  
- 1 . 0  
- 1 . 0  
- 1 . 0  
- 1 . 0  
- 1 . 0  
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1 1 9 0 4 1 0  
1 2 0 0 4 0 0  
1 200410 
1 200420 
1 200430 
1 200440 
1 200450 
1 200460 
1 200470 
1 200480 
1 210450 
1 220460 
1 220470 
1 220480 
1 2 2 0 4 9 0  
1 2 2 0 5 0 0  
1 2 3 0 5 0 0  
1 2 3 0 5 1 0  
1 2 4 0 5 0 0  
1 2 4 0 5 1 0  
1 2 4 0 5 2 0  
1 2 4 0 5 3 0  
1 2 4 0 5 4 0  
1 2 5 0 5 5 0  
1 260540 
1 260550 
1 260560 
1 2 6 0 5 7 0  
1 260580 
1 270590 
1 280580 
1 2 8 0 5 9 0  
1 2 8 0 6 0 0  
1 2 8 0 6 1 0  
1 2 8 0 6 2 0  
1 2 8 0 6 3 0  
1 2 8 0 6 4 0  
1 2 9 0 6 3 0  
1 290640 
1 290650 
1 3 0 0 6 4 0  
1 300650 
1 300660 
1 300670 
1 3 0 0 6 8 0  
1 300690 
1 3 0 0 7 0 0  
1 310690 
1 310700 
1 310710 
1 320700 
1 320710 
1 320720 
1 320730 
1 320740 
1 320750 
1 320760 
1 3 3 0 7 5 0  
1 340740 
1 340750 
1 340760 
1 3 4 0 7 7 0  
1 340780 

1 . 8 4 3 1  0 0.0 K41 
3 8 6 . 6 4 6 3  0 0 . 0  Ca40 
0.0000 0 0 . 0  C a 4 1  
2 . 7 0 9 6  0 0 . 0  Ca42 
0 . 5 7 8 8  0 0 . 0  Ca43 
9 . 1 5 1 9  0 0 . 0  Ca44 
0.0000 0 0 . 0  Ca45 
0 . 0 1 8 3  0 0 . 0  Ca46 
0 . 0 0 0 0  0 0 . 0  Ca47 
0 . 8 9 5 0  0 0 . 0  Ca48 
4 . 6 0 0 0  0 0.0 S c 4 5  
9 . 4 6 9 4  0 0 . 0  T i 4 6  
8 . 8 2 8 6  0 0 . 0  T i 4 7  
9 1 . 1 5 2 9  0 0 . 0  T i 4 8  
6 . 9 3 4 8  0 0 . 0  T i 4 9  
6 . 9 4 7 6  0 0.0 T i 5 0  
0 . 0 1 6 8  0 0.0 V50 
6 . 8 2 9 9  0 0.0 V51 
7 . 7 2 0 9  0 0.0 C r 5 0  
0 . 0 0 0 0  0 0.0 C r 5 1  
1 5 4 . 8 4 6 5  0 0.0 C r 5 2  
1 7 . 8 9 3 9  0 0 . 0  C r 5 3  
4 . 5 3 8 7  0 0.0 C r 5 4  
1 1 3 . 3 3 3 3  0 0 . 0  Mn55 
1 7 0 . 8 6 2 6  0 0 . 0  F e 5 4  
0.0000 0 0 . 0  F e 5 5  
2 7 5 4 . 5 6 7 2  0 0 . 0  F e 5 6  
6 4 . 1 9 4 1  0 0 . 0  Fe57 
8 . 7 0 9 4  0 0.0 F e 5 8  
2 4 . 0 0 0 0  0 0 . 0  Co59 
3 0 4 . 3 9 5 2  0 0 . 0  N i 5 8  
0 . 0 0 0 0  0 0 . 0  N i 5 9  
1 2 0 . 3 8 4 8  0 0 . 0  N i 6 0  
5 . 2 9 8 9  0 0 . 0  N i 6 1  
1 7 . 1 1 0 6  0 0 . 0  N i 6 2  
0 . 0 0 0 0  0 0 . 0  N i 6 3  
4 . 4 7 7 1  0 0.0 N i 6 4  
1 1 9 . 8 7 4 3  0 0.0 Cu63 
0.0000 0 0.0 
5 5 . 1 2 5 7  0 0.0 
1 2 . 3 5 2 5  0 0.0 
0 .0000  0 0 . 0  
7 . 3 1 2 8  0 0 . 0  
1 . 0 9 0 9  0 0.0 
5 . 0 7 7 0  0 0.0 
0.0000 0 0.0 
0 . 1 6 6 8  0 0.0 
1 . 0 2 1 3  0 0 . 0  
0 . 0 0 0 0  0 0.0 
0 . 6 9 7 4  0 0.0 
1 . 9 7 3 6  0 0 . 0  
0 . 0 0 0 0  0 0 . 0  
2 . 7 1 3 2  0 0 . 0  
0 . 7 8 3 1  0 0.0 
3 . 7 1 4 8  0 0.0 
0.0000 0 0 . 0  
0 . 8 1 5 3  0 0 . 0  
3 . 5 6 4 0  0 0 . 0  
0 . 0 4 0 2  0 0 . 0  
0.0000 0 0.0 
0 . 4 1 7 0  0 0.0 
0 . 3 5 2 8  0 0 . 0  
1 . 1 0 9 9  0 0.0 

Cu64 
Cu65 
Zn64 

Zn65 
Zn66 
Zn67 
Zn6 8 
Zn69 
Zn7 0 
Ga69 
Ga7 0 
Ga7 1 
Ge7 0 
Ge7 1 
Ge7 2 
Ge7 3 
Ge7 4 
G e 7  5 
Ge7 6 
a575 
5e74 
5e75 
5e76 
5e77 
5e78 

E-6 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

340790 
340800 
340810 
340820 
350790 
350800 
350810 
360780 
360790 
360800 
360810 
360820 
360830 
360840 
360850 
360860 
370850 
370860 
370870 
380840 
380850 
380860 
380870 
380880 
390890 
400900 
400910 
400920 
400930 
400940 
400950 
400960 
410930 
420920 
420930 
420940 
420950 
420960 
420970 
420980 
420990 
421000 
430990 
440960 
440970 
440980 
440990 
441000 
441010 
441020 
441030 
441040 
451030 
461020 
461030 
461040 
461050 
461060 
461070 
461080 
461090 
461100 
471070 

0.0000 0 0.0 
2.4068 0 0.0 
0.0000 0 0.0 
0.4400 0 0.0 
52.0676 0 0.0 
0.0000 0 0.0 
51.9324 0 0.0 
0.5543 0 0.0 
0.0000 0 0.0 
3.6549 0 0.0 
0.0000 0 0.0 
19.3140 0 0.0 
19.3810 0 0.0 
97.2196 0 0.0 
0.0000 0 0.0 
30.2096 0 0.0 
11.1359 0 0.0 
0.0000 0 0.0 
4.3974 0 0.0 
0.0644 0 0.0 
0.0000 0 0.0 
1.1601 0 0.0 
0.8332 0 0.0 
9.9423 0 0.0 
2.0000 0 0.0 
38.7548 0 0.0 
8.5454 0 0.0 
13.2053 0 0.0 
0.0000 0 0.0 
13.6734 0 0.0 
0.0000 0 0.0 
2.2497 0 0.0 
23.4000 0 0.0 
2.8436 0 0.0 
0.0000 0 0.0 
1.8110 0 0.0 
3.1500 0 0.0 
3.3351 0 0.0 
1.9294 0 0.0 
4.9252 0 0.0 
0.0000 0 0.0 
2.0051 0 0.0 
0.0000 0 0.0 
0.5257 0 0.0 
0.0000 0 0.0 
0.1802 0 0.0 
1.2429 0 0.0 
1.2455 0 0.0 
1.7073 0 0.0 
3.1862 0 0.0 
0.0000 0 0.0 
1.9122 0 0.0 
1.9873 0 0.0 
0.0977 0 0.0 
0.0000 0 0.0 
1.0877 0 0.0 
2.2013 0 0.0 
2.7199 0 0.0 
0.0000 0 0.0 
2.6830 0 0.0 
0.0000 0 0.0 
1.2104 0 0.0 
2.2263 0 0.0 

Se79 
5e80 
5e81 
5e82 

Br80 

Kr7 8 
Kr79 
Kr80 
Kr81 

Br79 

Br81 

Kr82 
Kr83 
Kr84 

Kr86 
Rb8 5 

Kr85 

Rb8 6 
Rb87 
5r84 
5r85 
5r86 
5r87 
5r88 
Y89 

Zr91 

Zr93 

Zr95 
Zr96 

m092 
m093 
M094 
m095 
m096 
m097 
m098 
m099 
m0100 
Tc99 
Ru96 
Rug1 
Ru98 
Rug9 
RulOO 
RulOl 
Ru102 
Ru103 
Ru104 
Rh103 
Pd102 
Pd103 
Pdl 0 4 
Pd105 
Pd106 
Pd107 
Pd108 
PdlO 9 
pd110 
Ag107 

Zr90 

Zr92 

Zr94 

m 9  3 

E-7 



1 471080 
1 471090 
1 481060 
1 481070 
1 481080 
1 481090 
1 481100 
1 481110 
1 481120 
1 481130 
1 481140 
1 481150 
1 481160 
1 491130 
1 491140 
1 491150 
1 501120 
1 501130 
1 501140 
1 501150 
1 501160 
1 501170 
1 501180 
1 501190 
1 501200 
1 501210 
1 501220 
1 501230 
1 501240 
1 511210 
1 511220 
1 511230 
1 521200 
1 521210 
1 521220 
1 521230 
1 521240 
1 521250 
1 521260 
1 521270 
1 521280 
1 521290 
1 521300 
1 531270 
1 541240 
1 541250 
1 541260 
1 541270 
1 541280 
1 541290 
1 541300 
1 541310 
1 541320 
1 541330 
1 541340 
1 541350 
1 541360 
1 551330 
1 561300 
1 561310 
1 561320 
1 561330 
1 561340 

0.0000 0 0.0 
2.1070 0 0.0 
0.0236 0 0.0 
0.0000 0 0.0 
0.0171 0 0.0 
0.0000 0 0.0 
0.2442 0 0.0 
0.2526 0 0.0 
0.4804 0 0.0 
0.2455 0 0.0 
0.5822 0 0.0 
0.0000 0 0 . 0  
0.1544 0 0.0 
0.0058 0 0 . 0  
0.0000 0 0.0 
0.1313 0 0.0 
0.0549 0 0.0 
0.0000 0 0.0 
0.0374 0 0.0 
0.0209 0 0.0 
0.8512 0 0.0 
0.4538 0 0.0 
1.4433 0 0.0 
0.5156 0 0.0 
1.9750 0 0.0 
0.0000 0 0.0 
0.2853 0 0.0 
0.0000 0 0.0 
0.3626 0 0.0 
0.2744 0 0.0 
0.0000 0 0.0 
0.2070 0 0.0 
0.0848 0 0.0 
0.0000 0 0.0 
2.3493 0 0.0 
0.8276 0 0.0 
4.4161 0 0.0 
6.6171 0 0.0 

Ag108 
Ag109 
CdlO 6 
Cd107 
Cd108 
Cd109 
cd110 
Cdlll 
Cd112 
Cd113 
Cd114 
Cd115 
cd116 
1n113 
1n114 
1n115 
5n112 
5n113 
5n114 
5n115 
5n116 
5n117 
5n118 
5n119 
Sn12 0 
Sn12 1 
5n122 
5n123 
5n124 
Sb12 1 
5b122 
5b123 
Te120 
Te121 
Te122 
Te123 
Te124 
Te125 

17.7337 0 0.0 Te126 
0.0000 0 0.0 Te127 
30.1680 0 0.0 Te128 
0.0000 0 0.0 Te129 
32.7368 0 0.0 Te130 
20.0000 0 0.0 I127 
1.0142 0 0.0 Xe124 
0.0000 0 0.0 Xe125 
0.9275 0 0.0 Xe126 
0.0000 0 0.0 Xe127 
19.9968 0 0.0 Xe128 
278.5551 0 0.0 Xe129 
43.5958 0 0.0 Xe130 
227.1562 0 0.0 Xe131 
290.4314 0 0.0 Xe132 
0.0000 0 0.0 Xe133 
113.9871 0 0.0 Xe134 
0.0000 0 0.0 Xe135 
99.0025 0 0.0 Xe136 
0.4027 0 0.0 Cs133 
0.0120 0 0.0 Ba130 
0.0000 0 0.0 Ba131 
0.0116 0 0.0 Ba132 
0.0000 0 0.0 Ba133 
0.2832 0 0.0 Ba134 
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1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

561350 
561360 
561370 
561380 
571380 
571390 
581360 
581370 
581380 
581390 
581400 
581410 
581420 
591410 
601420 
601430 
601440 
601450 
601460 
601470 
601480 
601490 
601500 
611450 
621440 
621450 
621460 
621470 
621480 
621490 
621500 
621510 
621520 
621530 
621540 
631510 
631520 
631530 
641520 
641530 
641540 
641550 
641560 
641570 
641580 
641590 
641600 
651590 
661560 
661570 
661580 
661590 
661600 
661610 
661620 
661630 
661640 
671650 
681620 
681630 
681640 
681650 
681660 

0.7772 
0.9323 
1.3435 
8.6402 
0.0018 
1.9982 
0.0037 
0.0000 
0.0049 
0.0000 
1.7659 
0.0000 
0.2254 
2.0000 
2.6692 
1.2068 
2.3745 
0.8338 
1.7389 
0.0000 
0.5906 
0.0000 
0.5862 
0.0000 
0.0297 
0.0000 
0.0000 
0.1466 
0.1112 
0.1367 
0.0738 
0.0000 
0.2698 
0.0000 
0.2324 
0.4747 
0.0000 
0.5253 
0.0008 
0.0000 
0.0085 
0.0583 
0.0812 
0.0625 
0.0998 
0.0000 
0.0889 
2.0000 
0.0002 
0.0000 
0.0004 
0.0000 
0.0092 
0.0749 
0.1016 
0.0999 
0.1138 
2.0000 
0.0014 
0.0000 
0.0158 
0.0000 
0.3333 

0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  

Ba135 
Ba136 
Ba137 
Ba138 
La13 8 
1a139 
Ce136 
Ce137 
Ce138 
Ce139 
Ce140 
Ce141 
Ce142 
Pr141 
Nd142 
Nd143 
Nd144 
Nd145 
Ndl4 6 
Nd147 
Nd148 
Nd149 
Nd150 
E’ml45 
5m144 
Sml4 5 
Sm14 6 
5m147 
Sml4 8 
Sml4 9 
Sml5 0 
Sm15 1 
5m152 
Sm15 3 
Sml5 4 
Eu151 
Eu152 
Eu153 
Gd152 
Gd153 
Gd154 
Gd155 
Gdl5 6 
Gdl5 7 
Gdl5 8 
Gd159 
Gdl6 0 
Tb15 9 
Dy156 
Dy157 
dy158 
Dy159 
Dy160 
Dy161 
Dy162 
Dy163 
Dy164 
Hol6 5 
Er162 
Er163 
Er164 
Er165 
Er166 
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1 681670 
1 681680 
1 681690 
1 681700 
1 691690 
1 701680 
1 701690 
1 701700 
1 701710 
1 701720 
1 701730 
1 701740 
1 701750 
1 701760 
1 711750 
1 711760 
1 721740 
1 721750 
1 721760 
1 721770 
1 721780 
1 721790 
1 721800 
1 731801 
1 731810 
1 741800 
1 741810 
1 741820 
1 741830 
1 741840 
1 741850 
1 741860 
1 751850 
1 751860 
1 751870 
1 761840 
1 761850 
1 761860 
1 761870 
1 761880 
1 761890 
1 761900 
1 761910 
1 761920 
1 771910 
1 771920 
1 771930 
1 781900 
1 781910 
1 781920 
1 781930 
1 781940 
1 781950 
1 781960 
1 781970 
1 781980 
1 791970 
1 801960 
1 801970 
1 801980 
1 801990 
1 802000 
1 802010 

0.2291 0 0.0 
0.2691 0 0.0 
0.0000 0 0.0 
0.1514 0 0.0 
1.0000 0 0.0 
0.0005 0 0.0 
0.0000 0 0.0 
0.0120 0 0.0 
0.0565 0 0.0 
0.0870 0 0.0 
0.0644 0 0.0 
0.1279 0 0.0 
0.0000 0 0.0 
0.0517 0 0.0 
1.2986 0 0.0 
0.0347 0 0.0 
0.0013 0 0 . 0  
0.0000 0 0 . 0  
0.0435 0 0.0 
0.1562 0 0 . 0  
0.2304 0 0 . 0  
0.1157 0 0 . 0  
0.2996 0 0.0 
0.0001 0 0 . 0  
0.8659 0 0 . 0  
0.1790 0 0.0 
0.0000 0 0.0 
39.6747 0 0.0 
21.6604 0 0.0 
46.8212 0 0.0 
0.0000 0 0.0 
44.0926 0 0.0 
0.4785 0 0.0 
0.0000 0 0.0 
0.8095 0 0.0 
0.0002 0 0.0 
0.0000 0 0.0 
0.0197 0 0.0 
0.0200 0 0.0 
0.1674 0 0.0 
0.2037 0 0.0 
0.3358 0 0.0 
0.0000 0 0 . 0  
0.5271 0 0.0 
0.0037 0 0 . 0  
0.0000 0 0.0 
0.0063 0 0.0 
0.0198 0 0.0 
0.0000 0 0.0 
1.5838 0 0.0 
0.0000 0 0.0 
66.6452 0 0.0 
68.8212 0 0.0 
51.7783 0 0.0 
0.0000 0 0.0 
14.8857 0 0.0 
49.6000 0 0 . 0  
0.0119 0 0 . 0  
0.0000 0 0.0 
0.8039 0 0.0 
1.3655 0 0.0 
1.8758 0 0.0 

Er167 
Er168 
Er169 
Er170 
tm169 
Ybl6 8 
Yb169 
Yb170 
Yb171 
Yb172 
Yb173 
Yb174 
Yb175 
Yb17 6 
1u175 
1u176 
Hf174 
Hf175 
Hf176 
Hf177 
Hf178 
Hf179 
Hf180 
Tal80M 
ta181 
W180 
W181 
W182 
W183 
W184 
W185 
W186 
Re185 
Re186 
Re187 
05184 
05185 
05186 
05187 
05188 
05189 
05190 
05191 
05192 
1r191 
1r192 
1r193 
Pt190 
Pt191 
Pt192 
Pt193 
Pt194 
Pt195 
Pt196 

Pt198 
Au197 

Pt197 

Hg196 
Hg197 
Hg198 
Hgl9 9 
Hg200 

1.0773 0 0.0 Hg201 
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1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
0 

a 0 2 0 2 0  
802030 
802040 
812030 
812040 
812050 
822040 
822050 
822060 
822070 
822080 
832090 
902320 
922340 
922350 
922360 
922370 
922380 

2 . 4 4 4 1  0 0 . 0  
0 . 0 0 0 0  0 0 . 0  
0 . 5 6 7 4  0 0 . 0  
1 4 . 6 5 8 2  0 0 . 0  
0 . 0 0 0 0  0 0 . 0  
3 5 . 3 4 1 8  0 0 . 0  
0 . 0 2 7 6  0 0 . 0  
0 . 0 0 0 0  0 0 . 0  
0 . 4 7 9 1  0 0 . 0  
0 . 4 4 1 5  0 0 . 0  
1 . 0 5 1 8  0 0 . 0  
0.0000 0 0 . 0  
0 . 8 7 6 0  0 0.0 
0 . 0 0 3 2  0 0 . 0  
0 . 4 2 6 6  0 0 . 0  
0 . 0 0 0 0  0 0 . 0  
0 . 0 0 0 0  0 0 . 0  
5 9 . 5 7 0 2  0 0 . 0  

Hg2 02 
Hg203 
Hg204 

T1204 

Pb204 
Pb2 0 5 
Pb2 0 6 
Pb207 
Pb2 0 8 
b1209 
Th2 3 2 
U234 
U235 
U236 
U237 

T1203 

T1205 

U238 

E-1 1 
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Input Model for the Engineering Test Reactor 

Beryllium Reflector from Core 1 

F- 1 



F -2 



Appendix F 

Oak Ridge Isotope GENeration and Depletion Code Version 2 
Input Model for the Engineering Test Reactor 

Beryllium Reflector from Core 1 

Appendix E is a listing of the input file used with the Oak Ridge Isotope GENeration and Depletion Code 
Version 2 to model activation and transmutation in the beryllium reflector used for Core 1 of the 
Engineering Test Reactor (ETR). 

-1 
-1 
-1 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
TIT 
BAS 
LIP 
LPU 

LPU 

LIB 
PHO 
RDA 
RDA 
RDA 
RDA 
RDA 
RDA 
RDA 
OPTL 
OPTA 
OPTF 
CUT 
INP 
MOV 
BUP 
RDA 
RDA 
IRF 

EETR - Beryllium Block Inventory (CURIES) 1/31/2003 
IINPUT: BE-ETRl.inp ACTIVATION ANALYSIS 
OOUTPUT: BE-ETRl.out INCLUDES NEW XS SET 

CCOMPONENT: Total ETR Beryllium Block Inventory 
LLOCATION: ETR BLOCKS for 624 kg 
IIRARADIATION: 10/15/57 - 3/1/70 for 4,520 days 

MMATERIAL : Beryllium Metal 
MMATERIAL MASS: 624,000 grams of Be including other trace elements 

0 0 0  
30060 40090 
60120 60130 70140 80170 270590 

270600 270601 280580 280590 280600 
280610 280620 280630 280640 290630 
300660 410930 410940 420940 420980 
420990 430990 -1 
902320 902330 912330 922330 922340 
922350 922360 922370 922380 922390 
922400 932350 932360 932370 932380 
942370 942380 942390 942400 942410 
942420 942430 952410 952420 952430 
962420 962430 962440 962450 962460 
962470 962480 972490 982490 982500 
982510 982520 -1 
0 1 2 3 -204 -908 909 9 50 0 4 0 
101 102 103 10 

* All Beryllium Blocks for ETR Core 1 
* 1957-1970 (or 4,520-day irradiation from 10/15/1957=Day #21108) 
* Decay Time: 0 days = Scram on March 1, 1970 
* Decay Time: 4,520+60 = 4,580 days=April 30, 1970 Est. disposal date 
* Decay Time: 4,520+11,521 = 16,041 days = Sept 15, 2001 

8 8 8 8 2  8 2 8 8 8  8 8 8 8 8  8 8 8 8 8  8 8 8 8  
8 8 8 8 2  8 2 8 8 8  8 8 8 8 8  8 8 8 8 8  8 8 8 8  
8 8 8 8 2  8 2 8 8 8  8 8 8 8 8  8 8 8 8 8  8 8 8 8  

-1 1 -1 -1 1 1 Read 2E6 g input to vector -1 
-1 1 0 0.312 Change input of Be to 624,000 g 

*-_-_-----_-_---__-_____________________---- 

* - - - - - - -__-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

7 1.OE-06 28 1.OE-75 -1 

Est total f l u x  to power ratio in the ETR reflector is 4.93314/175 MW 
ETR total exposure = 380,000 MWD over 4,520 D => 84.07 MW per day 

500.0 2.3683+14 1 2 4 2 at 84.07 MW 
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IRF 1000.0 2.3683+14 2 3 4 0 at 84.07 MW 
IRF 1500.0 2.3683+14 3 4 4 0 at 84.07 MW 
IRF 2000.0 2.3683+14 4 5 4 0 at 84.07 MW 
IRF 2500.0 2.3683+14 5 6 4 0 at 84.07 MW 
IRF 3000.0 2.3683+14 6 7 4 0 at 84.07 MW 
IRF 3500.0 2.3683+14 7 8 4 0 at 84.07 MW 
IRF 4000.0 2.3683+14 8 9 4 0 at 84.07 MW 
IRF 4520.0 2.3683+14 9 10 4 0 at 84.07 MW E O 1  3/1/1970 
MOV 9 2 0 1.0 
MOV 10 3 0 1.0 
DEC 4580.0 3 4 4 0 Est disposal date 4/30/1970 
DEC 16041.0 4 5 4 0 Common date Sept 15, 2001 
HED 3 MAR1970 
HED 4 APR1970 
HED 5 SEP2001 
OUT 5 1 0 0 
STP 4 
204 30060 8.4833-03 0.000E+00 2.063E+02 7.4523-04 O.OOOE+OO O.OOOE+OO 
204 40090 1.9483-03 2.0803-02 7.4273-03 0.0003+00 0.0003+00 O.OOOE+OO 
204 60120 1.1423-03 0.0003+00 1.0033-04 0 . 0 0 0 3 + 0 0  0.0003+00 0.0003+00 
204 60130 2.0603-04 4.5403-05 7.9693-04 0.000E+00 0.0003+00 O.OOOE+OO 
204 70140 1.6603-02 0.0003+00 1.6923-02 4.1953-01 0.0003+00 0.0003+00 
204 80170 0.000E+00 0.0003+00 7.7863-02 0.0003+00 0.0003+00 O.OOOE+OO 
204 270590 5.7433+00 0.0003+00 2.7863-05 2.6323-04 2.6223+00 0.00OE+00 
204 270600 5.5493-01 0.000E+00 1.108E-05 4.4473-05 0.0003+00 0.0003+00 
204 270601 1.7673+01 0.0003+00 2.0683-05 3.1623-04 O.OOOE+OO O.OOOE+OO 
204 280580 1.0183+00 2.4913-06 3.1273-03 9.7063-03 0.0003+00 0.0003+00 
204 280590 2.2963+01 0.0003+00 4.4363+00 2.1123-02 0.0003+00 0.00OE+00 
204 280600 6.2513-01 2.2003-06 6.8713-04 5.2113-04 0.0003+00 0.0003+00 
204 280610 5.7303-01 0.000E+00 1.262E-03 4.7813-04 0.0003+00 0.0003+00 
204 280620 3.1293+00 0.0003+00 2.1133-05 3.0653-05 0.000E+00 0.0003+00 
204 280630 5.0723+00 0.000E+00 2.4153-05 5.0603-06 0.0003+00 0.0003+00 
204 280640 3.3773-01 4.0753-05 1.0103-06 2.8383-07 0.0003+00 0.0003+00 
204 290630 1.1093+00 0.0003+00 4.05333-05 4.4173-03 0.0003+00 0.0003+00 
204 300660 2.1513-01 0.0003+00 2.6413-06 8.9003-05 0.0003+00 0.000E+00 
204 410930 5.2133-01 0.0003+00 1.0573-05 6.6723-05 1.012E-01 0.0003+00 
204 410940 6.6513+00 O.OOOE+OO 0.0003+00 1.0063-04 0.0003+00 0.000E+00 
204 420940 2.6763-01 0.000E+00 2.0233-04 8.5773-05 0.0003+00 0.000E+00 
204 420980 2.3593-01 0.0003+00 2.0233-05 2.450E-06 0.0003+00 0.000E+00 
204 420990 8.7933-01 2.0853-03 0.0003+00 O.OOOE+OO 0.0003+00 0.0003+00 
204 430990 1.2543+01 0.0003+00 0.000E+00 2.6433-04 0.0003+00 0.000E+00 
908 902320 4.0533+00 2.8473-03 3.9043-06 1.5603-02 0.0003+00 0 . 0 0 0 3 + 0 0  
908 902330 2.9703+02 1.3263-02 2.5153-05 5.5253+00 0.000E+00 0.0003+00 
908 912330 3.1473+01 8.1923-04 1.223E-07 9.902E-02 1.2343+01 0.000E+00 
908 922330 1.3753+01 9.849E-04 0.000E+00 1.3093+02 0.000E+00 0.000E+00 
908 922340 3.7743+01 2.6813-04 5.1263-08 4.3463-01 0.000E+00 0.0003+00 
908 922350 2.3963+01 1.4163-03 7.9303-08 1.2483+02 0.0003+00 0.0003+00 
908 922360 1.0783+01 1.5093-03 2.7593-06 2.6553-01 0.0003+00 0.0003+00 
908 922370 1.0553+02 4.3143-03 1.0973-05 8.0043-01 0.0003+00 0.000E+00 
908 922380 8.5143+00 2.8303-03 2.1243-06 6.451E-02 0.0003+00 0.0003+00 
908 922390 8.9603+00 1.1813-02 4.2503-05 1.0423+01 0.0003+00 0.0003+00 
908 922400 5.7993+00 6.1563-03 4.6813-05 4.8713-02 0.000E+00 0.000E+00 
908 932350 3.7593+02 7.5203-04 O.OOOE+OO 3.7933-01 1.4723+02 0.0003+00 
908 932360 2.2663+01 2.2703-03 1.2853-07 5.810E+02 0.000E+00 0.0003+00 
908 932370 6.1853+01 2.5863-04 4.3203-08 3.5353-01 0.0003+00 2.2483-04 
908 932380 2.2663+01 2.6743-03 1.0303-06 4.8043+02 0.0003+00 0.0003+00 
908 942370 1.2593+02 9.3283-04 0.0003+00 6.5863+02 0.0003+00 0.0003+00 
908 942380 1.108E+02 7.7263-04 1.0723-07 4.4623+00 0.0003+00 0.0003+00 
908 942390 1.0013+02 5.948E-04 1.2803-08 2.1293+02 0.0003+00 0.0003+00 
908 942400 2.8703+02 2.6393-04 1.8203-07 4.3233-01 0.000E+00 0.0003+00 
908 942410 9.3473+01 3.8333-03 1.2943-06 2.5983+02 0.000E+00 0.0003+00 
908 942420 3.5333+01 1.1703-03 6.1603-07 2.9343-01 0.0003+00 0.0003+00 
908 942430 6.3423+01 9.4153-03 2.2053-05 5.1553+01 0.0003+00 0.000E+00 

-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
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9 0 8  
9 0 8  
9 0 8  
9 0 8  
9 0 8  
9 0 8  
9 0 8  
9 0 8  
9 0 8  
9 0 8  
9 0 8  
9 0 8  
9 0 8  
9 0 8  
9 0 8  

952410 1 . 9 6 7 3 + 0 2  2 . 1 5 5 3 - 0 4  1 . 0 1 4 3 - 0 7  1 . 3 9 5 3 + 0 0  1 . 0 8 4 3 + 0 1  0 . 0 0 0 3 + 0 0  
952420 3 . 3 3 6 3 + 0 2  2 . 1 6 7 3 - 0 3  1 . 3 3 3 3 - 0 6  1 . 6 4 7 3 + 0 3  0.000E+00 0 . 0 0 0 3 + 0 0  
952430 6 . 7 4 2 3 + 0 1  1 . 3 8 5 3 - 0 4  2 . 6 1 3 3 - 0 8  2 . 8 5 5 3 - 0 1  5 . 4 1 6 3 + 0 1  0 . 0 0 0 3 + 0 0  
962420 8 . 4 5 8 3 + 0 0  3 . 4 1 2 3 - 0 5  0 . 0 0 0 3 + 0 0  8 . 5 2 9 3 - 0 1  0 . 0 0 0 3 + 0 0  0.0003+00 
962430 8 . 0 3 7 3 + 0 1  3 . 6 0 0 3 - 0 3  1 . 1 3 5 3 - 0 6  1 .6503+02 0.0003+00 0 . 0 0 0 3 + 0 0  
962440 2 . 0 3 7 3 + 0 1  6 . 9 5 6 3 - 0 4  7 . 3 2 4 3 - 0 7  8 . 6 4 1 3 - 0 1  0.0003+00 0.000E+00 
962450 8 . 0 3 7 3 + 0 1  3 . 7 5 4 3 - 0 3  1 . 7 4 0 3 - 0 6  4 .0553+02 0.0003+00 0.0003+00 
962460 4 .2963+00 3 . 1 1 7 3 - 0 3  8 . 5 9 2 3 - 0 6  4 . 1 8 5 3 - 0 1  0.0003+00 0.0003+00 
962470 2 . 8 6 2 3 + 0 1  5 . 6 7 2 3 - 0 3  9 . 5 8 7 3 - 0 6  4 . 2 6 1 3 + 0 1  0 .000E+00 0.000E+00 
962480 8 . 5 4 9 3 + 0 0  3 . 3 8 5 3 - 0 3  2 . 0 8 4 3 - 0 5  6 . 7 7 0 3 - 0 1  0.0003+00 0.0003+00 
972490 4 .4743+02 3 . 8 4 4 3 - 0 3  1 . 0 7 2 3 - 0 5  4 . 3 2 5 3 - 0 1  0.000E+00 0.000E+00 
982490 1 . 0 6 6 3 + 0 2  3 . 9 5 8 3 - 0 3  9 . 7 7 1 3 - 0 6  3 . 9 5 8 3 + 0 2  0.0003+00 0.000E+00 
982500 7 . 5 6 6 3 + 0 2  2 . 0 4 1 3 - 0 3  4 . 2 7 2 3 - 0 6  7 . 1 6 1 3 - 0 1  0 .000E+00 0 .000E+00 
982510 6 . 5 9 5 3 + 0 2  6 . 6 6 6 3 - 0 3  1 . 0 1 7 3 - 0 5  7 .8643+02 0.0003+00 0 . 0 0 0 3 + 0 0  
982520 5 . 8 0 4 3 + 0 0  1 . 5 8 7 3 - 0 3  7 . 2 7 9 3 - 0 6  1 . 0 5 7 3 + 0 1  0.0003+00 0.000E+00 

1 1 0 0 1 0  
1 1 0 0 2 0  
1 20030 
1 20040 
1 30060 
1 30070 
1 40090 
1 40100 
1 50100 
1 50110 
1 60120 
1 60130 
1 70140 
1 70150 
1 80160 
1 80170 
1 80180 
1 90190 
1 1 0 0 2 0 0  
1 1 0 0 2 1 0  
1 1 0 0 2 2 0  
1 1 1 0 2 3 0  
1 1 2 0 2 4 0  
1 1 2 0 2 5 0  
1 1 2 0 2 6 0  
1 1 3 0 2 7 0  
1 1 4 0 2 8 0  
1 1 4 0 2 9 0  
1 1 4 0 3 0 0  
1 1 5 0 3 1 0  
1 1 6 0 3 2 0  
1 1 6 0 3 3 0  
1 1 6 0 3 4 0  
1 1 6 0 3 5 0  
1 1 6 0 3 6 0  
1 1 7 0 3 5 0  
1 1 7 0 3 6 0  
1 1 7 0 3 7 0  
1 1 8 0 3 6 0  
1 1 8 0 3 7 0  
1 1 8 0 3 8 0  
1 1 8 0 3 9 0  
1 1 8 0 4 0 0  
1 1 9 0 3 9 0  
1 1 9 0 4 0 0  
1 1 9 0 4 1 0  
1 200400 
1 2 0 0 4 1 0  

0 . 0 0 0 0  0 0 . 0  H 1  
0 . 0 0 0 0  0 0 . 0  H2 
0 . 0 0 0 0  0 0 . 0  He3 
0 . 0 0 0 0  0 0.0 He4 
0 . 0 0 0 0  0 0.0 L i 6  
2 . 0 0 0 0  0 0.0 L i 7  
1 9 6 1 3 3 5 . 6 7 0 0  0 0 . 0  Be9 
0 . 0 0 0 0  0 0 . 0  B e l 0  
0 . 7 0 6 5  0 0.0 B10 
3 . 1 2 6 8  0 0.0 B11 
1 4 7 2 . 2 5 5 9  0 0 . 0  C12 
1 7 . 7 4 4 1  0 0 . 0  C13 
4 0 9 . 1 7 1 9  0 0.0 N14 
1 . 6 2 8 1  0 0.0 N15 
2 5 1 6 9 . 8 4 2 0  0 0.0 0 1 6  
1 0 . 7 2 2 9  0 0.0 0 1 7  
5 6 . 7 6 8 4  0 0.0 018 
1 3 8 . 3 3 3 3  0 0 . 0  F19 
2 5 5 4 . 7 0 4 1  0 0.0 Ne20 
8 . 0 0 4 6  0 0 . 0  Ne21 
2 8 7 . 2 9 1 3  0 0 . 0  Ne22 
1 . 7 4 8 7  0 0 . 0  Na23 
7 0 . 1 5 5 0  0 0 . 0  Mg24 
9 . 2 5 1 6  0 0.0 Mg25 
1 0 . 5 9 3 4  0 0 . 0  Mg26 
7 1 1 . 6 6 6 7  0 0 . 0  A127 
5 6 8 . 8 0 5 8  0 0 . 0  S i 2 8  
7 4 . 5 8 1 6  0 0.0 S i 2 9  
8 4 . 9 4 5 9  0 0.0 S i 3 0  
100.0000 0 0 . 0  P 3 1  
1 4 . 2 1 1 9  0 0 . 0  S32 
0 . 1 1 5 7  0 0.0 S33 
0 . 6 6 9 0  0 0 . 0  S34 
0 .0000 0 0.0 s 3 5  
0 . 0 0 3 4  0 0.0 5 3 6  
7 4 . 7 3 5 2  0 0.0 C135 
0 . 0 0 0 0  0 0 . 0  C136 
2 5 . 2 6 4 8  0 0 . 0  C137 
0 . 0 3 8 7  0 0.0 A r 3 6  
0.0000 0 0.0 Ar37 
0 . 0 0 7 6  0 0 . 0  A r 3 8  
0.0000 0 0 . 0  Ar39  
1 2 . 6 9 3 7  0 0.0 A r 4 0  
2 4 . 2 9 3 7  0 0 . 0  K39 
0 . 0 0 3 1  0 0 . 0  K40 
1 . 8 4 3 1  0 0 . 0  K41 
3 8 6 . 6 4 6 3  0 0 . 0  Ca40 
0.0000 0 0.0 C a 4 1  

-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
- 1 . 0  
-1 .0  
-1 .0  
- 1 . 0  
- 1 . 0  

F-5 



1 2 0 0 4 2 0  
1 200430 
1 200440 
1 200450 
1 200460 
1 200470 
1 200480 
1 210450 
1 220460 
1 220470 
1 220480 
1 220490 
1 220500 
1 2 3 0 5 0 0  
1 230510 
1 240500 
1 240510 
1 240520 
1 240530 
1 240540 
1 2 5 0 5 5 0  
1 2 6 0 5 4 0  
1 2 6 0 5 5 0  
1 2 6 0 5 6 0  
1 2 6 0 5 7 0  
1 2 6 0 5 8 0  
1 2 7 0 5 9 0  
1 280580 
1 2 8 0 5 9 0  
1 280600 
1 280610 
1 280620 
1 2 8 0 6 3 0  
1 2 8 0 6 4 0  
1 2 9 0 6 3 0  
1 290640 
1 290650 
1 300640 
1 300650 
1 300660 
1 300670 
1 300680 
1 300690 
1 300700 
1 310690 
1 310700 
1 310710 
1 320700 
1 320710 
1 320720 
1 320730 
1 320740 
1 320750 
1 320760 
1 330750 
1 3 4 0 7 4 0  
1 340750 
1 340760 
1 340770 
1 340780 
1 340790 
1 3 4 0 8 0 0  
1 340810 

2 . 7 0 9 6  0 0.0 Ca42 
0 . 5 7 8 8  0 0 . 0  Ca43 
9 . 1 5 1 9  0 0.0 Ca44 
0.0000 0 0.0 Ca45 
0 . 0 1 8 3  0 0 . 0  Ca46 
0.0000 0 0.0 Ca47 
0 . 8 9 5 0  0 0 . 0  Ca48 
4 . 6 0 0 0  0 0 . 0  S c 4 5  
9 . 4 6 9 4  0 0 . 0  T i 4 6  
8 . 8 2 8 6  0 0.0 T i 4 7  
9 1 . 1 5 2 9  0 0 . 0  T i 4 8  
6 . 9 3 4 8  0 0 . 0  T i 4 9  
6 . 9 4 7 6  0 0.0 T i 5 0  
0 . 0 1 6 8  0 0.0 V50 
6 . 8 2 9 9  0 0.0 V51 
7 . 7 2 0 9  0 0.0 C r 5 0  
0 . 0 0 0 0  0 0 . 0  C r 5 1  
1 5 4 . 8 4 6 5  0 0.0 C r 5 2  
1 7 . 8 9 3 9  0 0.0 C r 5 3  
4 . 5 3 8 7  0 0 . 0  C r 5 4  
1 1 3 . 3 3 3 3  0 0.0 Mn55 
1 7 0 . 8 6 2 6  0 0.0 F e 5 4  
0 . 0 0 0 0  0 0 . 0  F e 5 5  
2 7 5 4 . 5 6 7 2  0 0.0 F e 5 6  
6 4 . 1 9 4 1  0 0.0 Fe57 
8 . 7 0 9 4  0 0 . 0  F e 5 8  
2 4 . 0 0 0 0  0 0 . 0  Co59 
3 0 4 . 3 9 5 2  0 0.0 N i 5 8  
0 . 0 0 0 0  0 0 . 0  N i 5 9  
1 2 0 . 3 8 4 8  0 0.0 N i 6 0  
5 . 2 9 8 9  0 0 . 0  N i 6 1  
1 7 . 1 1 0 6  0 0 . 0  N i 6 2  
0 . 0 0 0 0  0 0 . 0  N i 6 3  
4 . 4 7 7 1  0 0.0 N i 6 4  
1 1 9 . 8 7 4 3  0 0.0 Cu63 
0.0000 0 0 . 0  
5 5 . 1 2 5 7  0 0 . 0  
1 2 . 3 5 2 5  0 0.0 
0.0000 0 0 . 0  
7 . 3 1 2 8  0 0 . 0  
1 . 0 9 0 9  0 0.0 
5 . 0 7 7 0  0 0.0 
0.0000 0 0.0 
0 . 1 6 6 8  0 0 . 0  
1 . 0 2 1 3  0 0 . 0  
0.0000 0 0 . 0  
0 . 6 9 7 4  0 0.0 
1 . 9 7 3 6  0 0.0 
0 . 0 0 0 0  0 0 . 0  
2 . 7 1 3 2  0 0 . 0  
0 . 7 8 3 1  0 0 . 0  
3 . 7 1 4 8  0 0 . 0  
0.0000 0 0.0 
0 . 8 1 5 3  0 0 . 0  
3 . 5 6 4 0  0 0 . 0  
0 . 0 4 0 2  0 0 . 0  
0.0000 0 0.0 
0 . 4 1 7 0  0 0.0 
0 . 3 5 2 8  0 0 . 0  
1 . 1 0 9 9  0 0.0 
0 . 0 0 0 0  0 0.0 
2 . 4 0 6 8  0 0.0 
0.0000 0 0.0 

Cu64 
Cu65 
21164 

21-165 
21-16 6 
21-167 
Zn6 8 
Zn69 
Zn7 0 
Ga69 
Ga7 0 
Ga7 1 
Ge7 0 
Ge7 1 
Ge72 
Ge7 3 
Ge7 4 
Ge7 5 
Ge7 6 
a575 
5e74 
S e 7  5 
S e 7  6 
5e77 
5e78 
S e 7  9 
5e80 
5e81 
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1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

340820 
350790 
350800 
350810 
360780 
360790 
360800 
360810 
360820 
360830 
360840 
360850 
360860 
370850 
370860 
370870 
380840 
380850 
380860 
380870 
380880 
390890 
400900 
400910 
400920 
400930 
400940 
400950 
400960 
410930 
420920 
420930 
420940 
420950 
420960 
420970 
420980 
420990 
421000 
430990 
440960 
440970 
440980 
440990 
441000 
441010 
441020 
441030 
441040 
451030 
461020 
461030 
461040 
461050 
461060 
461070 
461080 
461090 
461100 
471070 
471080 
471090 
481060 

0.4400 0 0.0 
52.0676 0 0.0 
0.0000 0 0.0 
51.9324 0 0.0 
0.5543 0 0.0 
0.0000 0 0.0 
3.6549 0 0.0 
0.0000 0 0.0 
19.3140 0 0.0 
19.3810 0 0.0 
97.2196 0 0.0 
0.0000 0 0.0 
30.2096 0 0.0 
11.1359 0 0.0 
0.0000 0 0.0 
4.3974 0 0.0 
0.0644 0 0.0 
0.0000 0 0.0 
1.1601 0 0.0 
0.8332 0 0.0 
9.9423 0 0.0 
2.0000 0 0.0 
38.7548 0 0 . 0  
8.5454 0 0.0 
13.2053 0 0.0 
0.0000 0 0.0 
13.6734 0 0.0 
0.0000 0 0.0 
2.2497 0 0.0 
23.4000 0 0.0 
2.8436 0 0.0 
0.0000 0 0.0 
1.8110 0 0.0 
3.1500 0 0.0 
3.3351 0 0.0 
1.9294 0 0.0 
4.9252 0 0.0 
0.0000 0 0.0 
2.0057 0 0.0 
0.0000 0 0.0 
0.5257 0 0.0 
0.0000 0 0.0 
0.1802 0 0.0 
1.2429 0 0.0 
1.2455 0 0.0 
1.7073 0 0.0 
3.1862 0 0 . 0  
0.0000 0 0.0 
1.9122 0 0 . 0  
1.9873 0 0.0 
0.0977 0 0.0 
0.0000 0 0.0 
1.0877 0 0.0 
2.2013 0 0.0 
2.7199 0 0.0 
0.0000 0 0.0 
2.6830 0 0 . 0  
0.0000 0 0.0 
1.2104 0 0.0 
2.2263 0 0.0 
0.0000 0 0.0 
2.1070 0 0.0 
0.0236 0 0.0 

Se82 

Br80 

Kr7 8 
Kr7 9 
Kr80 
Kr81 

Br79 

Br81 

Kr82 
Kr83 
Kr84 

Kr86 
Rb8 5 

Kr85 

Rb8 6 
Rb87 
5r84 
5r85 
5r86 
5r87 
5r88 
Y8 9 

Zr91 

Zr93 

Zr95 
Zr96 

m092 
m093 
m094 
m095 
m096 
M097 
Mo9 8 
m099 
m0100 
Tc99 
Ru9 6 
Ru97 
Ru9 8 
Rug9 
RulOO 
RulOl 
Ru102 
Ru103 
Ru104 
Rh103 
Pd102 
Pd103 
Pd104 
Pd105 
Pd106 
Pd107 
PdlO 8 
PdlO 9 
Pdl 1 0 
Ag107 
Ag108 
Ag109 
Cd106 

Zr90 

Zr92 

Zr94 

Nb9 3 

F-7 



1 481070 
1 481080 
1 481090 
1 481100 
1 481110 
1 481120 
1 481130 
1 481140 
1 481150 
1 481160 
1 491130 
1 491140 
1 491150 
1 501120 
1 501130 
1 501140 
1 501150 
1 501160 
1 501170 
1 501180 
1 501190 
1 501200 
1 501210 
1 501220 
1 501230 
1 501240 
1 511210 
1 511220 
1 511230 
1 521200 
1 521210 
1 521220 
1 521230 
1 521240 
1 521250 
1 521260 
1 521270 
1 521280 
1 521290 
1 521300 
1 531270 
1 541240 
1 541250 
1 541260 
1 541270 
1 541280 
1 541290 
1 541300 
1 541310 
1 541320 
1 541330 
1 541340 
1 541350 
1 541360 
1 551330 
1 561300 
1 561310 
1 561320 
1 561330 
1 561340 
1 561350 
1 561360 
1 561370 

0.0000 0 0.0 
0.0171 0 0.0 
0.0000 0 0.0 
0.2442 0 0.0 
0.2526 0 0.0 
0.4804 0 0.0 
0.2455 0 0.0 
0.5822 0 0.0 
0.0000 0 0.0 
0.1544 0 0.0 
0.0058 0 0.0 
0.0000 0 0.0 
0.1313 0 0.0 
0.0549 0 0.0 
0.0000 0 0.0 
0.0374 0 0.0 
0.0209 0 0.0 
0.8512 0 0.0 
0.4538 0 0.0 
1.4433 0 0.0 
0.5156 0 0.0 
1.9750 0 0.0 
0.0000 0 0.0 
0.2853 0 0.0 
0.0000 0 0.0 
0.3626 0 0.0 
0.2744 0 0.0 
0.0000 0 0.0 
0.2070 0 0.0 
0.0848 0 0.0 
0.0000 0 0.0 
2.3493 0 0.0 
0.8276 0 0.0 
4.4161 0 0.0 
6.6171 0 0.0 
17.7337 0 0.0 
0.0000 0 0.0 
30.1680 0 0.0 
0.0000 0 0.0 
32.7368 0 0.0 
20.0000 0 0.0 
1.0142 0 0.0 
0.0000 0 0.0 
0.9275 0 0.0 
0.0000 0 0.0 
19.9968 0 0.0 

Cd107 
Cd108 
CdlO 9 
cd110 
cd111 
Cd112 
Cd113 
Cd114 
cd115 
cd116 
1n113 
1n114 
1n115 
5n112 
5n113 
5n114 
5n115 
5n116 
5n117 
5n118 
5n119 
5n120 
5n121 
5n122 
5n123 
5n124 
Sb12 1 
5b122 
5b123 
Te120 
Te121 
Te122 
Te123 
Te124 
Te125 
Te126 
Te127 
Te128 
Te129 
Te130 
1127 

Xe124 
Xe125 
Xe126 
Xe127 
Xe128 

278.5551 0 0.0 Xe129 
43.5958 0 0.0 Xe130 
227.1562 0 0.0 Xe131 
290.4314 0 0.0 Xe132 
0.0000 0 0.0 Xe133 
113.9871 0 0.0 Xe134 
0.0000 0 0.0 Xe135 
99.0025 0 0.0 Xe136 
0.4027 0 0.0 Cs133 
0.0120 0 0.0 Ba130 
0.0000 0 0.0 Ba131 
0.0116 0 0.0 Ba132 
0.0000 0 0.0 Ba133 
0.2832 0 0.0 Ba134 
0.7772 0 0.0 Ba135 
0.9323 0 0.0 Ba136 
1.3435 0 0.0 Ba137 

F-8 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

561380 
571380 
571390 
581360 
581370 
581380 
581390 
581400 
581410 
581420 
591410 
601420 
601430 
601440 
601450 
601460 
601470 
601480 
601490 
601500 
611450 
621440 
621450 
621460 
621470 
621480 
621490 
621500 
621510 
621520 
621530 
621540 
631510 
631520 
631530 
641520 
641530 
641540 
641550 
641560 
641570 
641580 
641590 
641600 
651590 
661560 
661570 
661580 
661590 
661600 
661610 
661620 
661630 
661640 
671650 
681620 
681630 
681640 
681650 
681660 
681670 
681680 
681690 

8.6402 
0.0018 
1.9982 
0.0037 
0.0000 
0.0049 
0.0000 
1.7659 
0.0000 
0.2254 
2.0000 
2.6692 
1.2068 
2.3745 
0.8338 
1.7389 
0.0000 
0.5906 
0.0000 
0.5862 
0.0000 
0.0297 
0.0000 
0.0000 
0.1466 
0.1112 
0.1367 
0.0738 
0.0000 
0.2698 
0.0000 
0.2324 
0.4747 
0.0000 
0.5253 
0.0008 
0.0000 
0.0085 
0.0583 
0.0812 
0.0625 
0.0998 
0.0000 
0.0889 
2.0000 
0.0002 
0.0000 
0.0004 
0.0000 
0.0092 
0.0749 
0.1016 
0.0999 
0.1138 
2.0000 
0.0014 
0.0000 
0.0158 
0.0000 
0.3333 
0.2291 
0.2691 
0.0000 

0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0 . 0  
0 0 . 0  
0 0.0 
0 0.0 
0 0 . 0  
0 0.0 
0 0.0 

Ba138 
1a138 
La13 9 
Ce136 
Ce137 
Ce138 
Ce139 
Ce140 
Ce141 
Ce142 
Pr141 
Nd142 
Ndl4 3 
Nd144 
Nd145 
Nd146 
Nd147 
Nd148 
Nd149 
Nd150 
m145 
Sml4 4 
5m145 
5m146 
Sml4 7 
Sml4 8 
Sm14 9 
5m150 
Sm15 1 
Sm15 2 
Sml5 3 
Sml5 4 
Eu151 
Eu152 
Eu153 
Gd152 
Gd15 3 
Gd154 
Gd155 
Gd156 
Gd15 7 
Gd158 
Gdl5 9 
Gdl6 0 
Tbl5 9 
Dy156 
Dy157 
Dy158 
Dy159 
Dy160 
Dy161 
Dy162 
3163 
Dy164 
h0165 
Er162 
Er163 
Er164 
Er165 
Er166 
Er167 
Er168 
Er169 

F-9 



1 681700 
1 691690 
1 701680 
1 701690 
1 701700 
1 701710 
1 701720 
1 701730 
1 701740 
1 701750 
1 701760 
1 711750 
1 711760 
1 721740 
1 721750 
1 721760 
1 721770 
1 721780 
1 721790 
1 721800 
1 731801 
1 731810 
1 741800 
1 741810 
1 741820 
1 741830 
1 741840 
1 741850 
1 741860 
1 751850 
1 751860 
1 751870 
1 761840 
1 761850 
1 761860 
1 761870 
1 761880 
1 761890 
1 761900 
1 761910 
1 761920 
1 771910 
1 771920 
1 771930 
1 781900 
1 781910 
1 781920 
1 781930 
1 781940 
1 781950 
1 781960 
1 781970 
1 781980 
1 791970 
1 801960 
1 801970 
1 801980 
1 801990 
1 802000 
1 802010 
1 802020 
1 802030 
1 802040 

0.1514 0 0.0 
1.0000 0 0.0 
0.0005 0 0.0 
0.0000 0 0.0 
0.0120 0 0.0 
0.0565 0 0.0 
0.0870 0 0.0 
0.0644 0 0.0 
0.1279 0 0.0 
0.0000 0 0.0 
0.0517 0 0.0 
1.2986 0 0.0 
0.0347 0 0.0 
0.0013 0 0.0 
0.0000 0 0.0 
0.0435 0 0.0 
0.1562 0 0.0 
0.2304 0 0.0 
0.1157 0 0.0 
0.2996 0 0.0 
0.0001 0 0.0 
0.8659 0 0.0 
0.1790 0 0.0 
0.0000 0 0.0 
39.6747 0 0.0 
21.6604 0 0.0 
46.8212 0 0.0 
0.0000 0 0.0 
44.0926 0 0.0 
0.4785 0 0.0 
0.0000 0 0.0 
0.8095 0 0.0 
0.0002 0 0.0 
0.0000 0 0.0 
0.0197 0 0.0 
0.0200 0 0.0 
0.1674 0 0.0 
0.2037 0 0.0 
0.3358 0 0.0 
0.0000 0 0.0 
0.5271 0 0.0 
0.0037 0 0.0 
0.0000 0 0.0 
0.0063 0 0.0 
0.0198 0 0.0 
0.0000 0 0.0 
1.5838 0 0.0 
0.0000 0 0.0 
66.6452 0 0 . 0  
68.8212 0 0.0 
51.7783 0 0 . 0  
0.0000 0 0.0 
14.8857 0 0.0 
49.6000 0 0.0 
0.0119 0 0.0 
0.0000 0 0.0 
0.8039 0 0.0 
1.3655 0 0.0 
1.8758 0 0.0 
1.0773 0 0.0 
2.4441 0 0.0 
0.0000 0 0.0 

Er170 
tm169 
Yb168 
Yb169 
Yb170 
-17 1 
Yb172 
Yb173 
Yb174 
Yb175 
Yb17 6 
1u175 
1u176 
Hf174 
Hf175 
Hf176 
Hf177 
Hf178 
Hf179 
Hf180 
Tal80M 
ta181 
W180 
W181 
W182 
W183 
W184 
W185 
W186 
Re185 
Re186 
Re187 
05184 
05185 
05186 
05187 
05188 
05189 
05190 
05191 
05192 
1r191 
1r192 
1r193 
Pt190 
Pt191 
Pt192 
Pt193 
Pt194 
Pt195 
Pt196 

Pt198 
Au197 

Pt197 

Hg196 
Hg197 
Hg198 
Hg199 
Hg200 
Hg201 
Hg2 02 
Hg203 

0.5674 0 0.0 Hg204 

F-10 



1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
0 

812030 
812040 
812050 
822040 
822050 
822060 
822070 
822080 
832090 
902320 
922340 
922350 
922360 
922370 
922380 

14.6582 0 0.0 
0.0000 0 0.0 
35.3418 0 0.0 
0.0276 0 0.0 
0.0000 0 0.0 
0.4791 0 0.0 
0.4415 0 0.0 
1.0518 0 0.0 
0.0000 0 0.0 
0.8760 0 0.0 
0.0032 0 0.0 
0.4266 0 0.0 
0.0000 0 0.0 
0.0000 0 0.0 
59.5702 0 0.0 

T1203 

T12 0 5 
T1204 

Pb204 
Pb205 
Pb2 0 6 
Pb207 
Pb208 
b1209 
Th232 
U234 
U235 
U236 
U237 
U238 

F-11 


